eee 


if 


ke gh cal 


ae 
¢ 


ny xdguo. HE ui 6: va We “BuinticinO a 
2 oth geibof io _— ‘ork O71 notiela ds fi ais 


: | ado. opdavini PtrokoM ie 2 nel ee 
+ Geng, web uli i 40 paponigot] 4 it hd be adi Sea ie 
6? aa ae et leslO-: om aa bis CANUEMNA TD ER 
5 ae ss bas “wasn - pte! sso oc 
? oes ha Qe rerigciy Gel iO. SoHae14 i bas ees 
Baek slonw orl ba A: eat BN a oe | 
“pO bas eormeVE otlr ‘clive os wise aL nail os 
oo ols es: ft ‘tora. sciolfooxs ora ons, ae ere 
Ws oRA oye nr eieidue | 3 


< 


Pa 7m “if. rT. me thin tenn he 
oh re oni 4 isa we as ee 3 bn to bot 


ey wow ae irae! 

Sek 40. villa in Da at bot it 10 > 
Sol ace Ga 
eee hace» ro neh) the ec a avid 


ao lig a at Awl? es 


H oe a 7 ‘eet s et 2% pet) cae cn ‘ } 
tir. Bie : AS ia ayy anal “rage Ni Ae 5B} sath Mt 


= 


ae ‘ a as x ae. eb achibeML, a (sae ee ) 
ib) OS ld saci RNR POR I pe ae 
Ror fe 16t raat ig ee 
 fisY fovek 2 a w% ed: ae ae ae hat eis 
3 Moe bah, i ee Ae 
iHi@ ¥ : Be 


Juft Publithed, 
PORR HAAS Ee 
Method of Studying Puystck. 


WX Ontaining what a Phyfician ought to’ know 
Aa) in Relation to the Nature of Bodies, the 


SWE 


éters of the moft excellent Authors on all thefe 
feveral Subjects in every Age: Syftematicks, Obfer- 
vators, Operators, &c. their beft Editions, and 
the Method of reading them. Written in Latin 
by the Learned Herman Borruave, Now Pro- . 
feflor of Phyfick in the Univerfity of Leyden. 
Tranflated into Englifh by Mr. Samber. Price 
Five Shillings, ~~ | oy 


— Medicum creavit Altiffimus. _Altiffimus creavit de Terre 
Mediuimam. Ecclef. cap. 38. 


Ce ane ed 


Printed for C. Rivington, at the Bible and Crown in: 
St. Paul’s Church-Yard : B. Creake in Sfermyn-Street, St. 
Fames’s ; And ee Sackfield 1n Lincolus- Inn-Square. 


nt eens RRM EVAR SUT 


SYSTE) 
hidek 88 Aes Fa 


| Recerca PHILOSOPHY, 
Culut fa Prov'd by Cen (od AAA L Le 


MECH ANICKS. 


2 WHEREIN wins | 
Tl wig Sie le and Laws of Phyjficks, om a 


nicks, Hydroftaticks,. and Opticks, are demonftrated and | 
explained at large, by a great Number of curious Ex- {| | 
periments: With a full ‘Defcription of the Air-Pump, | — 
and the feveral Experiments thereon: As alfo of the 
different Species of Barometers, Thermometers, and Hy- 
drometers ; as fhewn at the publick Ledtures in a Courfe 
of Mechanical and Experimental Philofyphy. As performed 


By J.T. Desacuiiers. M.A. E.RS. 


L, Uuftrated with feveral Copper. Plates... 


To which is added, 


| Sir Ifaac Newton's Colours : The Defcription of the conden- | | 
fing Engine, with its Apparatus: And Row rey’s HORARY; a | 
Machine reprefenting the Motion of the Mooz. about the Riot | 


SYSTEM... 


LONDON: 


Street, St: Fames’s: J.Sacxrierp, in Lincolus-Iun-Squave: And 
Sold by W. Mears, at the Lamb without Temple-Bar 1719. | 


- Price . Five S Shillings. ate ia ene 


Venus and Mercury about the Sw,.according to the ie 1 | 


: Printed for B.Crnax z, at the Bible and Ink-Bottle in Fermyn- | | 


Ryan tesrsirs) 


ins een 


Seen a 


ee) 


ron 


‘ 6 phiene Oa piicy senha 


“ et 
_ SECe 
ah Se me Ae 


Pee 


Tale 


=" ar ‘ % ; < a, ‘ } i 
; 4 “ Torn sa . coe ¥ Sit ‘ 
Pivtraonet iN vile, Sc Tey ar ee ee re ans Beat a saith 


ertigh sis o: 
Li s ' 
. eae eS 


LOSES OLEATE HERERO 
RO ae OLE! 


ge a 2s 


PREFACE 


Advertifement tothe RE A D Back, 
By J.T. Desacutizrs, MZ. 2. Bcc. 


Think my felf obliged to give an 
— Account of the following Ledures, 
to ferve as an Apology for thei 
appearing before L defigned to 
publi them. 
It is about fixteen or feventeen Tears hc Lice 
Dr. John Keil (the prefent Savilian Profef- 
for f ee te gave Courfes of Eix- 
| peri- 


‘The Preracr. 
perimental Philofophy. mm Oxtord; and. being 
defired by fome of his. Auditors (0 give them 
fomething in Writing upon that Subject, he 
wrote a few Papers to_ferve them as Memo-= 
-randums. J was bis Scholar at the laff 
Cour fe he gave before he went beyond Sea ;. but 
could not. then. get thofe Papers. Some time 
after he was gone, 1 was defired by fome of my 
Friends (who knew that I had applyed my 
Self to Experimental Philofophy) to give:pub- 
lick Cour fes, and then my Auditors defired to 
have written Lefures. I endeavoured to get 
Dr. Keil’s Leétures, (as they were called )- 
which when they were brought me I found al- 
tered according tothe Fancy and Number of 
the Tranfcribers: Some Papers relating to: 
Motion feem’d to. be tvanflated from Sir 
Ifaac Newton’s Principia, the Optical Le- 
atures from Dr. Gregory’s Catoptricks, and 
sfome f ice cy Propofitions I took-to 
be 


‘The Prerace. 
be. put in the Method in which they were by 
Dr. Keil. I then-correed the Faults, added 
other Propofi tions fo as to make the Book as 
big again as before, that 1t might agree with — 
the Lectures I then gave, and drew ten Fa- 
bles of Figures which I got engraven in Copper 
Plates, that every Auditor that was at the - 
Pains to tranfcribe the Lectures, might have ~ 
an Impreffion of the Plates, to fave himfelf the - 
Trouble of drawing the Figures. - Mr. Daw- 


fon (a young Man whom Sir Richard Steel. — 


had put under my Care) took a Copy of the Le- - 
lures above-mentioned, that they might be of — 
Service to him when he went thro’ my Courfes, . 
and they were afterwards fold and publifhed 


——— aithout my Knowledge. But as the Book- >. 


fellers have made me Satisfaction, and purcha- 
fed the Copy of me, I have looked over the 
whole Book, and corrected every Exror there- 
1M; becanfe I was unwilling that thofe who - 


‘The Prerace. 
buy it foould find it any wife tmperfett , and 
defirous that at might be of ufe to fuch as go 
thro’ Cour fes of Experimental Philofophy. 

The Reader therefore 1s defired to correct 
the Faults with bis Pen, as the Errata dt- 
rel, before he begins to read the Lectures. — 
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ERR AT AD I 


BDAs.7. Lin. 3. 1, Ingredients. 1. 21.7. or cocval. p. 8.1.10. 2. Matter at frft pull’d. 
B op. ig. r. to weigh twelve. p.17. 1-19. 7. Falerum BG. p.18.1. 19.1. ome Pound at 
A will foftaig. p.19, 1.19. dele not p. 22. L.1.r. fx'd Point. p.2g. 1.7. 1. Piece; as D, 
1.8.7.0 C. at the other End bearing on two Pieces that are higher. \. 10. 0. radius of the 
Body. p. 30. 1.4. x. lance isto the Weight of the Balance. p. 31.1. 4.1%. Weight of. p. 
23.1.15. 4. fxd Point. p.34.1.8. dele KEG. p. 42.1. 23, r. GO the Pelocity.1. : 
nit.r.toG F. p.43.l.2acrEF O& GO which. p. 44.1. pondus, and of. 1. 16. 
dele of the fecond kind. p.45.1.6. dele L. 1. 10. 1. Power muff be to. 1.18. r. Helices, - 
1,419. 1. Velocity. 1.224. is longer, p.47.1.7 & 8.1. an endlefs Screw. =p. 53.1. 2h6 
xv. pufbed (by. 1. 22. r. Force) towards. p. 54.1.1. 4. the Force imprefs'd. 1. 3. 1. double - 
Momentum, or Quantity of Motion. p. 5.1.13. dele with. 1. 17. xotimes. When — 
ibid. dele (;) after defeends. 1.23.1. inflant of time, as the: p. 56.1. 7. dele with. 
xr. vr. as the times. p. 62.1.1. ¥. Motion. b..13.¥. upon A in the Diredtion C A. 
Pp..63. 1.20.1. Beomes toA. 1.21. 1. the Boat A. p. 65.1. 14.4. forwards, it. Pp. 720° 
1, 12. 7. towards each other with, p. 82.1. ult. dele K ED. p. 84. 1.7. 1. above the 
Superficies. Pp. 86. 1. rx. ¥. exceeds. 1.17.4. immediately over. 1.19.1. to be nearly. 
Toult.r. to prefs above. p. 87.1). ult. r. Prifms or Golumas. p. 881. 1. after Br. EF." 
lax. vr. exaGly jetted. 1, 13. 7. Sides of the Cylinder, letpaE be. p.go.3. 15. & o1- 
1.6. dele KE D. p. 96. 1. 17. r. mount. 1. ult. y. exceeded by it. ibid. for Surface r. 
Height. ibid. f. would x. when they would. p. 97. 1. 3. reimmersd. £. heavier x. - 
lighter. 1. 9. ¥. is to the, 1. 14. dele to. Lis.deleK ED. p. 100.1.5.r.E ADF. p.-- 
103.1. 12. 5. wid continue. 1. 22 & 23.4, after having pump'd out the Air. p.104. 1. . 
11. x, external. 1. 21.7. of 28,29, or 30 Inches. lo ult.r. lefs than 28 Inches. p. 1056 
Loro.r. CP. wid be. 1. 11.4.C fhall fuftain. 1. 22 & 23. rv. as before, is Gravity af- 
ing partly. p.106.1.1. 1. depends. 1.11 & 12. r.of 28 or 30 Inches. p. 107.1. penult. f. 4 > 
x. would. before tor. be. p. 108. 1.7 & 8. v.29 or 30 Inches. 1, 10, 11, 12. remain at 28, 
29, 30, or 31 Inches p.109. 1.10. x. the different Gravity of the Air, and therefore fores — 
tells foul or fair Weather. p.r11. 1.13. r. longer Tube more than in the fhorter. 1.17... rea 
curved Tube. p.113. at the end of J. 2. add, That fhews that Pilars of Air of equal Bafts 
and equal Heights balance one another. 1. 3. 1. will rife by fucking it thro’ a Crane or 
Syphon, but not. 1.4.1, Height as Water. 1.17.7. AS aeles p. 117.1. 3. r. reftitutive.: - 
p..118. after Jat line, r. if they be let down too fuddenly. p. 120: 1.1.r. Tube, p.121.1. 
16.1. the Syringe wleft.’ p. 122.1. §.x. made ufe of it (but according to the Alterations 
that I have made in it fince it has been in my Poffeffion.) p.124. £. Cleft r. Clofe. p.125.— 
1,19. F. left x. foft. 1.23.7. let the foft Leather. 1.24.x%. that by the Preffure. 1. ult. . 
dele the mure. p.129.1.7.1.hanging aWeight. p.tj0.).6.1.will not fubjide. 1.12.7. flaccid Blad= ~- 
der. p.t y 1g. r.the Cock. 1.9. r.Ayerometers. p.135.1.8.4r. fitted. lato. v.31 Inches 111, 
Yat 30, fometimes at 29. 1.12. dele fometimes it will fink to 27. 1.15 & 16. ¥. to the 
Quansity of Matter, it .p. 136.1, 10. F. Soctety v, Academy. 1,13.£,i40,0n..p.139. 1.1. 
; ha |» Sf String, 2 


ER -R-A'T A. 
f. String y. Chain. p.143. 1.11 & 12. r highly vefifed. p. 145.1. 2.1. nice Balante. 
p-149.1.6. f. vertical x. virtual. p.150.1.7.7.t0aB. loiter. the Angles BD a. 
Pi ior. fo23 & ag.r. EF, and form anImage behind it, and this. p. 153. 1.2. 1. bee 
fore the Glafs. p.156.1.7 & 8.4. the Angle of Refration, 1.20.r%. if the Light. p.1$7- 
], penult. r. the Perpendicular, in the Line HE. p.158.1.3. 1. towards D, and. 1. 7. F- 
which is. \, 14. £. therein rv. thereof. p.359. 1.14. £. Divergence r. Convergence. 1. 20.Y. 
a Line parallel to the. p. 160-1. 24.1. be fucceffively ata,b, aud c, it will, p.162.1.ult. 
¥. greater in Proportion to its Diftance from the Eye than. p.165.\. 11.1. from A will 
enter. ibid. f. if r. as if they. 1.18.1. at ba nearer. p.166.1-4. after called vr. the Iris 
of the Eye, which is part éfiche Uvea. 1.5.f. as rots. 1.16. dele dy. p.r7t. Lorn 
_Angle« Cb.1. 6. fof x, at. 1.17. £. lie vr. fee. p.178.1.6. f. Concave ry. Convex. 1. 11. 
r. which is-feenvunder a greater Angle. p.181.r.¢ 4 inftead of 26 throughout the 
whole Page. p.182.].1. r. is greater. J. gox.@h. Lirr. f. ander y.on. 1.12.7. the 
Eye fubtends the fame Angle as A B. 1. 14. ¥.is a6 K. lozo.r.is «@ 2. lear. 2 EB 
p. 183. r.% Sinftead of 2 bthroughout the whole Page. p.184.1.6. f. Convex I. 
Concave. 109; 10,17. 7. % 8 for ab. 1:18. f vertical y. virtual. p. 185. 1.1. r.t0 2 &, 
lo q.r. to 2 FAV. 5. 7. thedmage* B18. & 11.f. virtical x. virtual. p.186.1.9. dele 
ab. 1. 12.before Image r. laf, dele a b. 1.13, 14. r. Point of it may enter. 1. 20, 21. 
x. and the laft Image is in the. p.188.1..16. tthe Glafs, as in Figure 3. 1: 21. ¥. Figs 
2. p.189. Lro.f. i¢ x. the firft Prifm'next the Window refrad.1.22&24. f.refrafed on re 
refletted by. p.190.1.1. x. particular Colour. 1. 9. £. curioufly x. copioufly. p. 191.1. Wins 
dow, Plate ro, Fig. 7. 1.4. r.an Angle, with a perpendicular to the Paper. p. 193. 1.1. 
f. Hooks +, Hoops. 1. 16. £. thirty Pound r. an hundred and thirty Pounds. p.197. 1.21. f 
Tt. the. p. 198,1.3..after Orbit r, it. : : 
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Gz mefrom my InfantY ears 
has been fo remarkably 
Generous, that I fhould- be 
guilty of the deepeft Ingrati- 


tude: 


ROU R continual Care of 
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"The Depica tion. 


‘tude in the World, did I not 
lay hold of all Occafions of 
_acknowledging the many and 
great Obligations I have = tO 
you. 


I therefore humbly Prefent 
to You the following Trearsfe, 
containing the feveral Philofo- 
“phical ‘Experiments fhewn by | 
Mr. Defaguiers in his publick 
-Ledures, which T have carefully 
collected, and that G 
-approved of, 


The De DIC ATION. 


Fons fo Eoivteks cannot 
fail to give extream Pleafure 
and Satisfaction to all Gent/- 
men who are Lovers of the — 
moft ufeful Pare of Phz/ofophy, 
| the Experimental | efpecially 
_ thofe who have been prefent at | 
thefe Courfes of Mr. Defagu- 
hers, as I my felf have con- 
<rageat been. 
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But as my fucceisful going» 
through thefe Courfes, has 
a UJ | been 


The DEDICATION. 


been entirely owing to Your 

Munificence and Bounty, fo I 
know of no one who has fo 
great a Right to this Treatife as 
Your Self, from whofe Gene- 
rofity it derived its Being. 


- It flys then to You for Pro- 
tection, who have merited fo 
much from Mankind; and 
whofe Name will fhine for e- 
~ver Bright amongft thofe of 
‘the Berore Letrre: This 
avill | be an ‘Honour to Mr. 
D e- 


The DeEpicaTIoN. 
DeEsSAGULIERS, Whofe Ex- 
periments they are ; but par- 
ticularly fo to, 


O15 


Your moft obedient, 


and moft faithful 
Servant, 


Paut Dawsown. 
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Experimental Puitosopuy, 
MECHANICKS. 


eyes} ATURAL Philofophy is that Science 
Ribs] which gives the Reafons and Caufes of. 
the Effects and Changes which natu- 
rally happen in Bodies. 
And that we may not be deceived by falfe No- 
tions which we have embraced without Examin-. 


ing, or that we have received upon the Autho- 
| B : rity 


rity of others; we ought to call in Queftion all 
-fuch things as have an Appearance of Falfhood, 
that by a new Examen we may be led to the 
Truth. . ee | ) 
This Examen is to be made by Suppofitions, 
which we may rely upon, when they agree with 
Experiments; but if only one Experiment is con- 
trary to any Suppofition, that Suppofition mutt 
be rejected, and a new one made, till we find that 
it agree with all other Experiments. Therefore, we 
muft not go about to define a’ Caufe, unlefs we 
know its Effects; or lay down a general Propofi- 
tion, if we doubt of any of the Particulars it 
comprehends, left we run into Errors and take 
things for granted, which have been found con- 
trary to Experiments and Mathematical Demon- 
ftrations. An Inftance of this may be given in 
what has formerly been faid about Heat and 
Cold, vz, That Heat unites homogeneous Bo- 
dics, and feparates heterogeneous Bodies ; and 
that Cold unites heterogeneous Bodies, and fe- 
parates homogeneous ; all which we find to be 
falfe in feveral Inftances. | 
1. Mix and Melt Gold and Silver together, 
nd the Fire will not feparate them ; neither will 
| it 


C3) 

it feparate two Parts of Brafs mixed with one of 
Copper. — : a 

2. It rather unites, than feparates {uch hetero- 
gencous Bodies as have an aptnefs to Coalition ; 
as in making ‘Plasffers and Osntments, &c. and 
in uniting Salt-Petre and Ajhes, into fo durable 
a Body as Glafs. v 
Fire only diflocates the Parts of Bodies, and 
fubdivides them into minute Particles, without 
re{pect to their being Homogeneous or Heteroge- 
neous; which is evident in boiling Water, or o- 
ther Liquors, whofe Steams condenfe to the fame. 
Subftances again. And in Difti//ation, where all 
the Parts are in a Confufion upon the flackening 
of the Heat, or the Parts receding from it when 
driven into the Receiver, they take Place accord- 
ing to their Specefick Gravities. Such Parts alfo, 
as arcemott cafily Separated, are ever-carried firft off 
as in the Diftillation of Man’s Blood; firftt Wz- 
ter, then Spirits and Salt, then Oil. The Earth 
and Alkali remain together, becaufe of an equal 
Degree of Fixednefs, tho’ Heterogeneous. Cold 
does not always unite heterogeneous Bodies, but 
feparates ’em ; as in the Urine of healthful Pco- 
ple it caufes a Sediment, which is again difper- 


B 2 fed, 


ae | 
fed, and made to difappear by Heat. And by 
Froft, the Strength of Wine is {eparated, and un- 
frozen in the middle of the Veilel. Straw, 
Duft, Wood, &c. are no farther united in Ice, 
than as they are fettered up inthe frozen Water... 

By Elements, the Philofophers meant moft Sim- 
ple Bodies, of which they faid, all the Bodies 
we fee, are made, and which may be extracted. 
from all Bodies. But they have been miftaken 
in conftituting their Elements, becaufe they did 
not fo much explain the Nature of things, as 
what Senfes thofe things excite in us. 

They that confidered things as they affect the 
Sight, made only two Elements; the Lucid and 
Opaque; tho’ they gave but a. blind Account of 
Light and Colours. 

The four Elements that have obtained fo long, 
only exprefled the feveral ways that our Touch is 
affected ; for thofe that eftablifhed them, confi- 
dering Heat and Cold, Moifture and Drynefs, 
fuppos’d ’em the Properties and primary Quali- 
ties of all Bodies, and accordingly conftituted 
four Elements. ts a 3 


The 


ray 


| ThevEarthgy 2030 Cold and Dry, | 

«TheWatersQ ps. ¢ ( Cold and Moift, 
“1 Their, ba fup na Hot and Moi/t, 
os bhe are. oe ' Hot and Dry. 


To illuftrate this Doctrine, and prove that 
thefe are in, and may be extracted from Bodies; 
they ufed to burn a piece of Green-wood, and: 
call the Coals and Flame, fire; the Sweat, Wa- 
ter; the Smoak, Air ; and the Afkes, Earth. 
~ But thefe cannot be Elements ‘according to 
their Definitions, for they are not Simple and 
Unchangeable, but may be altered and produced 
de novo; the Smoak, which they call’d Air, may 
be condenfed into a Liquor; the Fire is only 
fubtile Matter in a rapid Motion. 

The Moisture will produce Caput mortuum, and 
Oils. The Afhes, which they call Earth, will make 
Glas. Al vik 
ae feveral things are not reducible into 
four heterogeneous Bodies, as Gold, Silver, Di- 
amonds, common Glafs, Venetian Talk. ‘Tho’ 
Fhey and the Chymifts have often. endea- 
yourd it, and if they could do it, yet they 
OAR | could 


- oe 
‘could not prove their Elements to be unmixed, 
becaufe Experiments fhew the contrary. The 
Chymifts Principles .are Salt, Sulphur, and Mer- 
cury, Which: they call their Elements, but as er- 
roneoufly ; for thefe cannot be had from: Gla{s, 
Gold, Diamonds, Sand, &c. or may be deftroy- 
edand produced de novo. re | 
Mr. Boyle affirms, that Q wick-filver has been 
turned into Water, and Sulphur altered ; and 
that the Mercuries, rs and Salts of the 
Chymifis, are not Similar Bodies ; whereas, to be. 
Elements, cach ought not to differ from thofe of 
the fame Name, more than Drops of Water do 
~ from one another. Orhers add to thefe three 
Principles, Caput mortuum and ‘Phlegm; that is, 
Water and Earth; but thefe five are produceable 
even from Water alone ; and Art can of two E- 
lements compound a Body, as durable as any in 
the World, wz, Glafs made of A/hes, that hath 
only Salt and Earth. , 
The Doétrine of Acids and _Alcalt’s, is as 
faulty as the foregoing ; fornone of thefe Hypo- 
thefes can account for Firmnefs and Fluidity, the 
Phenomena of the Load-frone, the Formation of a 
Fatus, Sounds, and a thoufand other things that 
fall under the Notice of a Philofopher. And 
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And as long asthe Chywu/fts,or any other Philofo- 
phers padleareun to explain things by a Number 
of mixed Ingedients i in a State ok Rett, they will 
be deficient; fince the ercateft Part of the Affecti- 
ons of Matter, and confequently the Phenome- 
na of Nature, feems to depend on the Motion 
and Contrivance of the {mall Parts of Bodies. 

That Phelofophy therefore is the moft reafona- 
ble, which teaches, | 

1. That the Matter of Natural Bouies is the 
fame ; namely, a Subftance extended, divifible, 
and impenetrable. 

2. That fince there can be no Change in Mat- 
ter, if all its Parts were at Reft among themfelves ; 
to diftinguifh the general Matter of ‘the Univerfe, 
into a Variety of natural Bodies, it muft have 
Motion, in fome or all of its Parts, which mutt 
be varioufly determined. And tho’ it is manifeft 
to Senfe, that there isa local Motion in Matter ; 
yet Motion is not included in. the Nature of 
Matter, "Cé&val with it ; Matter being as much Mat- 
ter whee at reft,as when in Motion. And ‘tho’ it 
be wholly difputed, how Matter came by that 
Motion, by thofe who acknowledge not an Au- 
thor of the Univerfe ; yet fince a Man is not the 

wore 
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worfe Naseealitt for not being an Atheift ; we 
allow that the Origine of Motion in Matter, as 
well as of Matter it felf, is from GOD, 

3. That local Métion is the chief Principle a- 
mongft fecond Cautes, and the chief Agent of 
all that happens in Nature. Bulk, Fioute, Rett, 
Situation, and Texture, being the "Effects ot 
Motion, asin a Watch or Cie ; it is Motion 
therefore that makes all ufeful. .¢ a ; 

DesCartes fuppolesMatter as-fext-beriebe pulled 
into pieces of what Shape any pleafes to imagine ; 
we will fay Cubick, as moft obvious. hehe eve- 
ry one of thefe Parts being turned {wiftly round 
its own Center, and alfo about another Center 
common to all the Parts; the Corners mutt be 
wore off of feveral of thefe Parts, and a fine Dutt 
be made by that Friction. The {mall Dutt is 
the Materia Subtilis,or firtt Element ; The Cubes 
that have been rubbed round into Globules, — 
make the fecond Element, of not fofwitt a Motion 
as the firft, which is agitated between the Interfti- 
ces of the Globakst The Cubes that have not loft 
their Shape, by kavinie their Angles much broken, 
make the third and ota a Bianene. 
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To illuftrate this Hypothefis, take Cubes of 
Clay, and fhake them together in a round Box, 
till fome of them are become pretty near round ; 
the Duft reprefents the Materia Subtilts, the roun- 
deft Pieces the Globul: of the fecond Element, 
and fuch as have not much changed their Shape, 
the third Element. | | - 

Tho’ this Hypothefis may feem ingenious ¢- 
nough at firft, yet if duly weighed it will appear, 
inconfiftent with Experiments, and the Laws of 
Motion. Take a Dozen or two of Cubes of any 

bignefs, for Example, fome of an Inch, fome of 
) half an Inch; and having ty’d a Thread to each, 
and all the Threads to the Center of a round 
Table, made to turn eafily upon a Pivot; (as 
the Table of Plate 3. Fig. 5.) as {oon as you have 
given the Table a fwitt Motion round its Cen- 
cer, all the Cubes will recede from the faid Cen- 
ter, and ftretch the Thread; which fhews they 
cannot grind each other into Globules ; fince by 
seafon of their centrifugal Force, by which they 
are whirled round one common Genter, they mutt 
recede from each other. eke 

_ If we fuppofe any ambient Surface to make a 
Refiftance (as the Box does in the Cafe of the 
| | CG Cubes 
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Cubes of Clay) then either the Cubes touch one 
another before the Motion begins, or they do 

not. Ifthere be a.Plenum (as Cartes believes) 
~ the Gubes touching one another in all the Parts 
of their Surfaces, cannot grind cach others Cor- 
ners off by a particular Motion in each Cube ; 
but muft all move together, and become one Bo- 
dy, as before the rude Lump of Matter was fup- 
pofed diftributed into Cubes. If there be any 
Spaces between the Cubes, there muft be a Va- 
cuum (which Cartes denies) or that Space mutt 
be filled with a fubtile yielding Matter ; which 
would be fuppofing the Aaterta Subtilis, before 
we fuppofe it, which is abfurd ; or denying Mat- 
ter to be Homogencous, which is before Sup- — 
pofed. | pia 
That Firmnefs and Fluidity, Heat and Cold, 
Odours, Savours, Colours, and Sounds, depend 
upon the Shape, Size, and Motion of the Parts, 
may appear from two cold Things producing 
Heat ; as Oil of Tartar per Deliquium, poured on 
Oil of Vitriol, will caufe it to boil. and fume, 


A folid Body will lofe its Smell and Firmnefs, 
~ by the Infufion of one Liquor, and recover both _ 
wee be 
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5 the Infufion of another. As Camphire will be. 
diffolved, and lofe its Scent, by the Intufion: of Oil 
Of Vitriol s but by pouring on Water, the Smell 
and Solidity will be reftored. Sal Armoniack 
diflolved into Water, ‘makes a Mixture colder 

than each is fingly. 9 ~ 
Water will bere arid by means of an é- 
olipile, as to become lighter than Air; and if the 
Hand be held near the Mouth of the Eolipile, 
the Water that ftrikes on the Hand, will again be 
condenfed, and become as heavy as at firft. Seve-. 


ral more Experiments prove this Hypothefis. 


Now if Firmnefs, Fluidity, Heat and Cold, 
Smells and Savouts, depended only upon a 
Mixture of Ingredients, as fome affirm ; then firtt, 
two cold Things Neots continue Golde when 
~mixt. Secondly, A Liquor without Smell would 
not give Scent to another Liquor. “Thirdly, Two 
‘Bluids when mixed, would continue Fluid; but 
the contrary is fhewed by feveral Experiments. 
~The Extenfion of Matter, and its Impenetra- 
, Bh, are felf-evident ; aie its Divifibilicy ap- 
pears from the Ductility of Gold; for an Ounce — 
of Gold will guild a large Piece of Silver, which 
cok drawn i itt Wire, will likewife then be allo- 
Code a ver 
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ver guilded, tho’ the Wire be fo fmall, as to 
reach. above A Hundred and fifty Miles. See an 
Account of the Ductility of Gold, given in fquare 
Lines, in Clarke's Rohault, Part 1. Chap. 9. 

A Candle {een by’ a whole Multitude, fhews 
the Divifibility of Matter to be infinite, becaufe 
the Rays of Light muft enter every Man's Eye ; 
for unlefs thofe fine Parts of the Fluid made an 
Impreflion upon the Retima of the Eye, the Can- 
dle would not be feen. bc as 
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MECHANICAL PRENCIPLES. 


‘aseye] HE Quantity of Motion which we 
ise fometimes call the Momentum, or 
Sass! {ometimes fimply Motion, is thar 
————=! Force or Energy by which a Body 
changes its Place. Therefore we ought to take — 
care left we fhould confound Motion and Velo- 
city together ; becaufe fome People think, one 
Body to have more Motion than another, when 
it moves fafter, altho’ it fhould be lefs than the . 
es “os 3 Othige 
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other; whereas it may only be faid to have more 
Velocity, Celerity, or Swiftnefs. But Motion is 
always eftimated from a Confideration of the 
Quantity of Matter in a Body, and its Velocity 
together; for the fame Force which will throw a 
Two Pound Weight three Yards (or give it three 
Degrees of Velocity) will throw a Weight of 
One Pound fix Yards (or give fix Degrees of Ve- 
locity) and therefore the One Pound Weight, or | 
the Body which has the leaft Quantity of Matter, 
cannot be faid to have more Motion in it than 
the Two Pound Weight (or the Body which has 
- twice the Quantity of Matter) tho’ it moves as 
faft again: For if we confider, that when the 
_ Force or Motion, which is able to carry one. 
Pound fix Yards, is applied to a Two Pound 
Weight, each Half of the Two Pound Weight has 
an equal Share of this Motion (now diftribu- 
ted) it will be plain, thar the Two Pound Weight 
ought to be carried but three Yards. The Quan-. 
tity of Motion may be increafed, either by keep- 
ing the fame Quantity of Matter, and augmen- 
ting the Velocity, or by keeping the. fame 
Velocity, and increafing the Quantity of Mat- 
ter, or by increafing both ; and therefore the 
abfo-. 
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abfolute Force by which Bodies are moved, is 
known by the Multiplication of their Celerities 
into their Matter or Weight. 
As for Example, in the two 
Bodies, A and B, let A be 
five Pounds, and B two 
Pounds; let the Velocity 
with which A is moved be 
yo 4: fix Degrees, and let B have 
four Degrees of Velocity, 
then the Degrees of Motion 
in A will be thirty, and B will have cigth De- 

orees of Momentum or Motion. } | 
Suppofe A to hase twelve, and B two Pounds ; 
let A have four Degrees of Velocity, and B thir- 
ty, the Quantity of Motion in A will be forty- — 
eight, andin B 60. From hence it follows, that 
any little Body may have its Motion equal to 
the Motion of any great Body, vizs. If the Ve- 
locity of the little Body is fo much greater than 
the Velocity of the great Body as the Quantity 
ef Matter in one is greater than the Quantity of 
Matter, in the other, (7. e) when both Bodies have 
their Velocities reciprocally propottionable to— 
their Weight, their Momenta, or Quantities of Mo- 
| tion 
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tion will be equal. As for Example, let A be 

fifty Pounds, and B two Pounds; let the Velo- 

city of A be 3, and. of B 75; now 50 has the 

_ fame Proportion); toy 2,:a8:'75: has toc 2; .and . 
therefore the Quantity of Motion in A, which is* 
3 times 50, or 150, is equal to the Motion in 
B, which is twice 75, or 150. If the Velocities 

of Bodies are equal, their Quantities of Motion 

will be as their Matter, which is contained in 

them ; and therefore fince all Bodies (abftracting 

from the Refiftance of Air) defcend equally faft ; 

the Motion which Bodies acquire by their Gravi- 

— ty in defcending, will be as their Quantity of 

Matter. As a Feather defcends as faft in vacuo 

-as a Pound of Lead; -but fuppofe the Lead 

- JOOO times heavier than the Feather, the /lomen- 

tum of the Lead will be 1000 times greater ; 

Gravity is the Caufe of the Defcent of both : 

Therefore there is 1000 times more Gravity re- — 
quired to make the Lead defcend, than the Fea- 


ther; {o that the Feather which has 1000 times. _ 


lefs Matter than the Lead, may defcend with as 
great Velocity as the Lead, the Momentum of 
the Lead being 1000 times greater than it. 

Fares And 
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And conan: fince all Caufes ate pro- 
portional to their Effects, the Gravity of Bodies, 
which produces their Motion downwards, will 
likewife be proportional to the Quantities of 
“Matter in Bodies; and therefore the Quantity of 
Matter in any Body, may be eftimated by its — 
Weight ; and therefore if an Inch of Lead be 6 
times heavier than an Inch of Wood, there muft 
be 6 times more Matter in the Inch of Lead, 
than inthe fame bulk of Wood ; and hence may 
be drawn a good Argument for a Vacuum. For 
tho’ we fhould grant the Exiftence of eMateria 
Subtilis; yet ftill the Queftion will return, how 
this Matter comes to be fo fine, bur by having 
void Spaces ¢ | | ) | 

We muft then alfo fuppofe the Pores of all 
Bodies to go ina ftrait Line, and Horizontally ; 
and they mutt always be {uppofed to move in the 
fame ftraic Direction ; otherwife the Materia 
Subtilis would be reflected, and fo confequently 
not fill up all the Pores ; fometimes hindering, 
and fometimes not hindering the Gravity of a 
Body ; fo that the fame Body would be more or 
—lefs heavy, as its Pores lay in a horizontal, or 
contrary Pofition. The whole Effect of Mecha- 

| peal 
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nical Engines, is to diminifh the Velocity of the 

Weight to be raifed, fo that the Quantity of 
~ Motion it will have, may be no more than the 
Quantity of Motion in he Power that raifes the 
Weight. | 

Suppofe a Man can raife by his Strength, with- 
out an Engine, only ten Pound Weight, with a 
determinate Degree of Velocity ; it’s not poffible 
for him with any Engine to raife a hundred 
Pound with the fame Velocity; yet by the Ap- 
plication of an Engine, a Man can raife a Hun- 
dred Pound, withthe toth Part of that Velocity. 
Plate 3d. Fig. 1.] Now all that the Engine 
does, is to diminifh the Velocity of the Pondus, 
fo as to make its Motion no greater than the Mo- 
tion of the Power raifing it , as may be feen in 
the Vedtis, which we fuppofed as a Mathematt- 
cal Rigid, or inflixible Line, only moving round 
the Point C, which is called the Filerum, BC, 
and C A are called the Brachia. In the Statera, 
the two Brachia, (tho’ the one be longer than 
the other) are equally heavy ; and confequently 
BC keeps in Equilibrio C A, which is divided in- 
to 10 Lengths, each of which is equal to BC. 
Let Q be the Weight which is to be found out 
Tots D by 
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by hanging any given Weight P. upon the Bra- 
chium CA, and moying it up and down, rill it 
‘makes an Equilibrium, you will find out’ the 
Weight Q; for fince P in the Diftance 5, is EB. - 
quiponderate with Q, it follows that Q_ is the 
_Quintuple of P, as is here Demontftrated. 
Now fuppote that if the Brachia are equal, a 
Man could only raife ten Pounds; then I fay, 
that if you alter the Brachia, and make C A 10 
times longer then BC, he can. by» this Engine 
-raife a Hundred Pound ;° for, becaufe B C) is 
but the 1oth Part of C A, the Space B b will be 
but the, toch Pate voi A-a;: and confequently 
when B moves, it will have but the 1oth Part of - 
the Velocity of A; but by Suppofition the Force 
of Ais fo great, as to raife by that Velocity a 
Body of Ten Pounds, therefore it will raife by 
the 10th Part of that Velocity a Body of a Hun- 
dred Pounds. From hence. it follows, that eé" 
ound Vetere at A will Wwereh 10 Pounds, placed at B; 
for, becaufe A a is 10 times ereater than B b, the 
Velocity of One Pound at A, will be 10 times 
oreater than the Velocity of Ten Pounds at B ; and 
therefore their Quantities of Motion will be e- 
qual, they being reciprocally ie sate ss to 
tneir 
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their Weight: Since then, the two Bodies have equal 
Momenta, or cqual Forces that moved them; 
thefe Forces being contrary, or acting contrary, 
the one to the other, will deftroy one anothers 
Motion, and keep an Equilibrium. y PLE : 
~ A Point in any Body, to placed, that all Mat- 
ter on every Side Gravitates equally,» is called 
the Center of Gravity of that Body ; the Center 
of Gravity is not always the Center of eAagnt- 
tude, as in the Statera Romana, where it’s not 
required that the fhort ‘Brachium fhould have an 
equal Quantity of Matter to what the long one 
BEL. 26 Si SVC Tete | 

The Center of eAdotion is that Point, round 
which if a Body moves, every Point of it de- 
{cribes Circles, whofe Centers are in the Center of 
eMotion. The Center of Gravity of all Bodies 
_defcends as much as it can; and if a Body be 
fulpended by its Center of Gravity, ic will ‘eee 
retain any given Pofition; for in that Cafe the 
Center of Gravity cannot defcend. It the Center 
of Gravity be difterent from the Center of eAo- 
tion, and then if the Center of Gravity be put 
out of the Perpendicular, the Body will turn 
round till the faid Center of Gravity be juft un- 

Py 2 
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der the Center of eMotion, for then it has de- 
{cended as much as it can. ts | 

Plate 3d. Fig. 2d. Let A B bea Beam, whofe 
Center of eMotion atm is above the Center of 
Gravity c, if it were turned out of the horizon- 
tal Pofition, the Center of Gravity mutt afcend, 
Suppofe to k; and therefore if the Body be left 
to it felf, ’twill turn round, till the Center of 
Gravity comes again to its former Pofition. 

In a Balance the Axis, and the Center of Mo- 
tion is a little above the Center of Gravity; for 
if it were exactly in it, it would retain any given 
Pofition ; but by being above it, the Beam of the 
Balance when in quiltbrio, mutt {fettle it felf 
in an horizontal Pofition. | | ula; 

The Center of «Motion may be put below the 
Center of Gravity, but if you move them ever 
fo little out of an exact Perpendicular, the 
Scales will not be in an Equilibrium ; but as foon 
as you let the Balance hang freely, the Center 
of Gravity will get below the Center of eAdLo- 


tion. 
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MeEcHANIcAL Powers. 
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| Wesght 1s any Body to be | vaifed, or 
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ak! 2. A Power is that Force by which a 


| Weight is raifed, whether it be a Force that Draws, .. 


or Pufhes, or Strikes, or a Weight which Gravi- 


tates; for aWeight 1s a Power, in reference to the 


heavy Body which it may move. 

3. The Abfolute Gravity of a Body, is its En- 
deavour to de{cend in a free Medium. — 
4. The Relative Gravity of a Body, sits Endea- 
—vour to defcend when it touches, fomething elfe be- 
fides the Parts of the Medium ; and that 1s al- 
ways lefs than the Abfolute. ee 

5. Equilibrium, (25, when there is the fame 
Quantity of Motiow in the Power, as there 1s in 
the Weight ; becaufe thefe Motions being contrary. 
the one deftroys the other. 

ile i 6. The 
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6. The Center of Motion, Fulcrum, or fes€ Point, 
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9. Lhe Line of Direction of a Power or Weight, 
is that in which.1t endeavours to move. In a heavy 
Body the right Line, by which it endeavours to de- 
fcend. In a Power, the right Line by which a 
Power draws or pufhes aWerght, (Plate 1. Fig. 1.) 
If G draws A over B, BC 1s the Line of D1- 
rection of the Power, and AD that of the 
Weight, by which it refifts the Traction. 
8... The Application of a Power to a Vectis, or 
Leaver, is the Angle which the Line of Direction 
_ of that Power makes with the Leaver, asthe An- 
gid BE Pig sds Bick oe ate 
9. The Distance of a Power or Weight is a 
Line drawn from. the fixed ‘Point perpendicular to 
the Line of Direction, a CF. Fig. 2. Plate 1. 
10. In all regular and lomogeneous Bodies, the 
Center of Gravity wm the Center of Magni- 
tude. | eee 
S U.RP OSs Fl Qulidili 


1. We muft fuppofe the Earth flat, becaufe the 
greateft Engines are but as a Point, when compared 


pith the-Surface of the Earth. 
2. When 
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2. When heavy Bodies fall freely, they make 
Lines perpendicular to the Earth, meeting in- the 
Center of the Earth ; and thofe we are to {uppofe 
Rav allel A6 o°, int oe 

3. Tho Engines are imperfect, we muft {uppofe 
them perfect ; that by fuch a Suppofition we may 
better find out what theyll do, as that Bodtes are 
perfectly hard, {mooth and homogeneous. Lines 
ferait, without Weight, Thicknefs, or Flexsbilily, and 
Cords extreamly pliable. Figtes ty 

AXIOMS. 

1..To raife. aWeight with an Engine, the Velo- 
city of the Power muft be increafed and that of the 
Weight leffened.. 

2. The. Center of Gravity always defcends as . 
low as tt. can. | Kabah 

3.4 Body can fall no lower than it 1s, unlefs 
its Center of Gravity defcends. | | 
4. If all the Weight of a Body was reduced in- 
to ts Center of Gravity, 7 would move as be- 
fore. balks a pe | 


Propo- 
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Propofition I. Probleme: 
How to make a heavy Body feem to rife of it [elf. 
WHE Body muft be a double Cone of 
| : - Wood, or any folid Matter, as in this Fi- 
3% gure. Set two long flat Pieces of 


Wood on a Table, croffing each other 
ar qne-end.on. another Piece (Plage 1. 


Fig.3.) aC CR, fo.as to'raite them almott as high 


above the horizontal Plain at the other End, as 
is the Difference of the Radius,at" A, and_ that at 
B; then lay the Body AB A upon them at D, 
where they muft meet in an Angle, and it will 
roul up to C, if the Diftance GC C be no great- 
er than the Diftance A ‘A. ~ The Reafon follows : 
~ When the Body is laid on at D, the Center of 
Gravity, which is in the middle of the Diameter 
B A, where it’s cut by the Axts (Plate 1. Fig. 3.) 
A A (becaufe the Body is Regular and Homoge- 
neous) is higher than it is ‘when the Body ‘has 
rouled to CCG. Now becaufe the Center of Gra- 
wity endeavouis to fall as low as it can, the Body 
will toul to C C, where it’s lower than it was 

: | before, 
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before, tho’ its Supporters be higher, as will ap- 
pear. by holding a Thread horizontally from D 
to E; for if the Body touch the Thread when at 
D, it will-be below it when it has rolled to E. 
ar ag. fh. Perce, See 
Whar is faid of the Defcent of a heavy Body 
_is to be underftood of its Center of Gravity ; be- 
caufe unlefs the Center of Gravity can fall, the 
Body cannot fall, by the foregoing Prop. for the 
Body (Plate 1. Fig. 5.) ABCD, which ftands 
upon the horizontal Plane F C, cannot fall to- 
wards F, where ic inclines; becaufe its Center of 
Gravity E would rife, which appears (Fig. 5.) by 
_ drawing the Arch E F about the Point B. But 
ABCD will fall, becaufe its Center of Gravity 
can fall, as (Fig. 6.) appears by Conftruction. 
| SOOT dU Ad att 
Fig. 4.) Since the firft _Impulfe of an heavy 
Body downwards, is begun at its Center of Gra- 
vity, and that the Center of Gravity endeavours 
to get as low as it can; a heavy Body muft 
endeavour to defcend in a Line (called the 
Line of Direction, as E G, CO) drawn from 
its Center of Gravity to the Center of Nf 
| | Earth, 
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Earth, or Centrum Gravium, which is the loweft 
Place ; and if it can’t move in the Line EG, by 
reafon of the Interpofition of a Plain, (fo incli- 
ned as not to hinder the Center of Gravity from 
defcending) ’cwill fall obliquely by fliding or 
rolling, fo as to get into the Line of Direction 
CO, as ‘fait as ‘it can. : 


CO RCL Es, 


Hence alfo will the Body D flide, and the Bo- 
-dy F roll upon the inclined Plane A B C (Fig. 4.) 
to get to the Line CO, Parallel to its Line of 
‘Direction E G. 

COROLLEL. 2. 


Fig. 5. and 6.) Hence alfo will Bodies ftand 
firm upon an horizontal Plain, if their Line of 
DireGion falls within their Baffs. Thus the Bo- 
dy of (Fig. 5.) will ftand, and that of ( 6 ) fall. 
A Bowl will eafily change its Place, becaufe its 
Bafe being but one Point ( Plate 1. Fig.7.) it’s | 
eafy for the Line of Direction E G to fall out of 
it. This is the Reafon alfo, why it’s almoft im- 
poffible to feta ftrait Stick or a Needle upright 
upon a fmooth horizontal Plane, becaufe that the 

: Lines 
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Lines of Direction E G fall out of their Bafes. 
What is faid of the Center of Gravity, may be 
alfo underftood of the common Center of Gra- 
_ wity of two heavy Bodies, as we fhall fhew in the 
Example of the Balance. 


BIER EBS EB) EBT) GY OE WIEBE BIE HF BH 
Of the BALANCE. 
Prop. 1. Theoreme. 


HEN a Balance has its Brachia of Sir 
fame Length and Weight, the Power 


and the Weight are equal. 
Prop. Ul. Probleme. 


_ To make an Equilibrium with an horizontal 
Balance, (Fig. 8.) Let the Weight D be to the 
Power E as the Diftance CB of the Power to 
the Diftance AC of the Weight; and fo vice 
ver{a. Thus will the Center of Gravity be 
brought under the Center of Motiou. | 


E2 Lrop. 


ae 
Pop. ill. Theorem. 


By increafi ing the Velocity of he Power, ae 
Velocity of the Weight 1s. leffened, as has, ‘been 
fhewed inthe Statera Romana. 


Prop. IV. "Probleme. 


Knowing the Weight AA two ye Bodies appli- 
ed to the Ends of a Balance of known Length, to 
jind upon that Balance the ¢ common Center of Mo- 


~~ tion. 


Let A: B the UB dbeike be Spo a Oe Vices 
long, the Weight D twelve Ounces, E fix Ounces. 
To find the fixed Point whence the Balance being 
fufpended, the Weight will hang. ‘in Eines 
Find a qth proportional to 18 .6::24: which 
will be eight Inches for A C: that is, as 18 (the 
Sum of the: twoWeights) is to 6 the ran, Weight, 
{fo is twenty-four Inches (the whole Length of the 
‘Balance,) to eight Inches ‘or A C the Diftafice of 
the fixed Point. from: that “End of! the Balance 
which has the biggeft Weight. 

Thoichisistrac with Theory, yet it won't hold 
. asthe Practice becaule { Plate 1. Fig. 9.) the Ba- 


lance — 


Lae 

lance: KB, which we hame fappofed without Weight, 
can't be really fogs becaufethe two - Bruchiat are 
not of the fame Weight. Hang the. Weight F = 
to Ds. Eat G (which by “Asciom 3: ) won't 
alter’ the: Effect'of the two: Weights DE.» Then 
hang at I the Center of Gravity. of ‘the Balance, 
the Weight G= to the Balance’s Weight ; then | 
confidering C Iasa\Balanée laden wit dee two 
Weights, 2 its Ends C I, find out O the common 
Ginter’ * a as ‘As\ satighis UIs. E +G: G: a8 
EG O28 we HAG 


“Prop. Vv. Prob 


lea ihe Length pr Weigle of a ; Balance 
which has at one of its Ends, a “Body of Stoke 
Weight ; to find the fixed Point, about’ which the 
Balemce: and Weighe ¥ gs ee pan remain wn 
Aiquilibrio. 19 98! | 


ale. 3 


Length of the: Balance 12 Inches, 
~ Weight of: the Ball ew LO OZ. 
Weight of D- vee we § 0Z;. 
oy 0%. 

6 Inches. 


find 


~ ee.) | 
find a 4th proportional to 24: 16::6: which 
will be four Inches’ pepe R=: is.as the Weight 
of the Body, together with the Weight of the Bz- 
lance ; geste t eee eneth of the Balance to 
AG, the Diftance from the Weight of the Body 
to the fixed Point. 


Prop. VI. Prob. 


How to make a deceitful Balance, which being 
empty and alfo laden with unequal Weights, fhak 


remain in Fequilibrio. 


Fig. 11.) Let the Length AC be to B C as 
the Weight of the Scale E, to that of the Scale 
D. The Aquilibrim will be kept if the Scales 
are laden with Weights, that have the fame ratio 
to one another, as rz to 12; but the Fraud will 
be detected by changing the Place of the Weights. 


Of 


[ 31 J 
ARERERPLRERES DSSS ROREALORARES 
Of the LE aver. 
Prop. 1. Theoreme. 


“tHE Leaver is reducible to the Balance ; 
the Weight fan animate Power being the 
fame as the different Weights in the Balame, and 
the fixed Point the fame as the Center of Motion. 


. Prop. IL. 


The three firft Propofitions of the Balance are 

time concerning the Leaver. (fig. 12, 13, 14, 
15.) Cis the Fulcrum, or fixed Point; E the 
Power applied at Band D, the Weight applied 
ee ah. Sine 

Fig. 12. Isa Leaver of the firft Kind, as are 
alfo Sciffars, Pinchers, Snuffers, &c. , This Lea- 
ver has the Power at one End, the Weight at the 
other, and Fulcrum in the Middle. 

Fig. 1 5: Isa Leaver of the fecond Kind, as 
are alfo the Oars and Rudders of a Boat, cutting 
Kmves fixed at one End, and Doors moving on — 


Hinges. 


cao 
Hinges. Thee Leavers have the Weight in che 
Middie, the Power at one: End, and the Fulcrum 
at the ulate. 

Fig. 14. 5 Leaten ‘ofirithé third Kind, as 
are alto Ladders taken ne by the Middle to be 
reared againtt aWall This. Léaver. has the Power 
in the Middle, the, Weight at one End, and - the 
Fulcrum at if oticr.. 

Fog. 15... Isa bended Pee i; Ne foe 
Kind; but it may as well be reckoned a Leaver of 
the firtt Kind, becaufe its Fulcrum is between the 
Power and the Weight; when you draw a Nail 
with an Hammer it “Becomes. ‘a bended Leaver. 

Fig. 12 and 15:) Ina Leaver of the firft or 
fourth Kind, the Weight and the Power may 
equal, as it mutt happen when A C is arulte to 
BC. The Power may. be greater than the Weight, 
as when B C is greater th AC, or the Weight 
greater than the Power, as when A c is greater than 

BA. 
mel ig. 13s ne Leaver of the ae Kind, the 
Weis it mult be always Brat than the Power, be- 
caufe its Diftance from the Fulcrum will. be always 
lefsthan the Power’s Diftance; for wherever the 
Weigs it D is applied ; A GC will bea Part of BG, 


| pet 
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and therefore muft always be lefs than its whole 
BC: | | 
_ Fig. 14. Ina Leaver of the third Kind, the 
Power muft always be greater than the Weight, be- 
caufe CE the Diftance of the Power will always 
be lefs than AC, of which it can be but a Part. 

N.B. . In all the{e Cafes an FEquilibrium a {up- 


pofed. 
Prop. Ul. Theoreme. 


A Power which puthes or draws a Leaver at 
tight Angles, has greater Effect then at oblique 
- Angles. | 


DEMONSTRATION. 


Fig. 16. Since the Force of a Power depends 
upon its Diftance from the fira Point, and fince 
(by Def. 9.) the Diftance of the Power is a Line 
‘drawn perpendicular to the Line of Direction ; it 
is plain by Gonftruction, that C B the Diftance of 
the Power applied at right Angles, is greater 
than CF the Diftance of it applied at obtufe, or 
C K the Diftance of it applied at acute Angles, and 
drawing towards I. ; 

| F For 


Lot] 

For fince ( by 15 Def: 1. El: Evcl:.) G F= 
CL=CK, and C L being Part of CB, (the Di- 
- ftance of the Power drawing at G, and applied 
at right Angles) is lefs than CB (by Ax. 9. 1 EL.) 
Likewife C F and C K mutt be lefs than CB: 
Therefore a Power applied at right Angles, has a 
ercater Effect than if applicd at oblique Angles 


Chel dt R IE AY 
ee ore 


YB. CF is the Diftance of the Power E, 
applied at B, and drawing at obtufe Angles, as the 
Angle C BE and CK 1s the Diftance of a 
Power ftill applied at B, and drawing in the Line 
1K at the acute Angle C B I. | 


Prop. IV. Theoreme. 


Plate 2d. Fig. 1.) If a Power, whofe Line of 
Direction is perpendicular to a Leaver parallel 
to the Horizon bears up, by means of that Leg- 
ver, a Weight whofe Center of Gravity is above 
the Leaver, it muft be greater to bear it up, when 
the Leaver is horizontal, than when it 1s incli- 
ned, and the Weight raifed ; and greater yet when 
the Weight is lower, the Line of Direction of the 
~ Power always remaining perpendicular to the Ho- | 
rzon 3 
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rizon. The Reafon of this is, becaufe the Body 
does not hang freely from the Leaver, to which it 
is fixed; for if it did, the Diftance of the Weight 
would decreafe in the fame proportion as the Di- 
ftance of the Power does, when the Leaver is mo- 
ved out of its horizontal Pofition: That is, when 
the Leaver 1 B (where IC is the Diftance of the 
Weight, andC B the Diftance of the Power) is 
moved into the Pofition O D, and the Diftance 
of the Power at D becomesC N (by Def-9.) the 
- Diftance of the Weight would become C h, if the 
Weight was to hang freely from E; but fince the 
Body E O M is fixed to the Leaver, it endeavours 
to defcend in the Line of Direétion O L, drawn 
perpendicularly downwards from the Center of 
_ Gravity O, which caufes the Diftance of the Weight 
to be only LC inftead of h C; and therefore the 
Body’s Gravity decreafing in greater Proportion 
than the Force of the Power, (which is a Weight 


that hangs freely) the Body O requires a leffer 


Power to bear it up when it is fixed upon an in- 
clined Leaver above the Horizon, than when that 
Leaver is parallel to the Horizon. Likewife in 
the Leaver A K, if the Body O, or the Weight _ 
was to hang freely from F, its Diftance would be 

| P.2. tC 
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t C decreafed in the fame Proportion as C Q the 
Diftance of the Power; but fince by reafon of the 
Body's being fixed above the Leaver, the Line of 
Direction produced is K Og and its Diftance ; 
g C its Gravity muft be greater, when by the In- 
clination of the Leaver it is below the Horizon 


Q. 

Plate 2d. Fig. 2d.) The inverfe Prop. is true 
of the Center of Gravity of the Body below the 
Leaver. | | | 

Since the Demonftration of this Theor. is the 
fame as the other, a Sight of the Figure is fuffici- 
ent; where you may obferve that in the Leaver 
AE the Diftance of the Weight is M C, whereas it 
would be nC if the Body fhould hang freely; 
and in the Leaver DG the Diftance of the Weight 
is Cn, whereas it would be C M if the Body fhould 
freely hang. | | 

lf two carry a Weight upon, or hanging from 
the Middle of a Leaver, he carries motft who is 
nearc{t to the the Weight. (Vide 3d and 4th Fig.) 

Of the Leaver or Balance, is meant what Archi- 
medes {aid of his lifting up the whole Earth if he 
had a Place to fix his Inftrument; and it was by 
thefe Powers that he is faid to have lifted the Ra- 
maa Ships.. Ce ORS 2 er 


Le 
_ saggnggggeaggessaggseszasssgeses 
Or “the ULLE Y. 
Prop. 1. Theoveme. 
Plate. 2: fg. WY FRE, NN: a Power by feve- 
: | ~ ral Pulies -draws up a 


Weiehtr, the upper Pullies are Leavers of the firft 
Kind, and the lower Pultes Leavers of the fecond - 


Kind ; for in C Eand B H, the Powers are applied ~~ 


at EandH, the Weight at € and B, and the Ful- 
cra are in the Middle O; but inI K andF G, the 
Powers. are applied at I F, the Weights at O and 
K G are the Fulcra. 


Prop. U1. Theoreme. 
Plate 2. Fig. 5.) Anupper Pulley adds no 


Force to the Power, becaufe it is a Leaver of the 
firft Kind, with its Fulcrum juftin the Middle; and 
in fuch a Cafe the Velocity of the Weight is not di- 
minifhed, and confequently that of the Power not 
increaicc. | : 


rap. 


a 
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Prop. Ul. Theoreme. 


Fig. 6.) A lower Pulley takes off half the Ve- 
locity of the Weight, and fo doubles the Force of 
the Power ; becaufe whilft 10 moves one Foot, 4 
moves two Foot.: ° ft NA 


Prop. 1V. Theoreme. 


Fig. '7.) As one is to the Number of the Parts 
of the Rope applied to the lower Pulies, fo is the 
Power to the Weight. Ex. Gr. If the Hand 
can raife but ten Pound without an Engine, it will 
by the Help of the Pulies, LFig.'7.] be able to 
raife forty Pound; or one Pound hanging at A 
will keep in 4quilibrio four Pound hanging at | 
the loweft O, or in the Place of the Body D. 


Prop. V. 
What a Power by a Pulley gets in Strength, it 


_ lofes in Swiftnefs, as it does by all other Engines. 


Of 
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DLL LARIELI CD NII) CBI EBM REBY C09. 08 
Of the Ax Le in the WHEEL. 


| Prop. \. Theoreme. 
Fig. 8. A; the Radius of the Axis to the Ra — 


dius of the Wheel; fo the Power to 

the Weight: That is, as C D to AB, fo is the 

Power applied at A to the Weight; or rather, as. 
the Circumference of the Wheel = Velocity of the 

Power = is to the Circumference of the Axis = 

Velocity of the Weight = , fo is the Weight to the 
Power. 


COROLL. 


Plate 2. Fig. 10.) This is obferved in Watches, 
where the Readius of the Wheel in the Fuze in- 
cteafes, as the Force of the Spring is weakned ; 
. that the Axis of the Fuze may be “always ate 
~ yound with the fame Force. When the Spring is 
Strongett it draws at A when weakeft at B. 


Prop. U1. Theoreme. 


An Axis in Peritrochio is a Leaver of the firit 


Kind; AB the Radius of the Wheel being the Di- 
{tance 


| wel ie 
ftance of the Power ; and CD the Radius of the 
Axis being the Diftance of the Weight. Fig. 8. 
By the Multiplication of Wheels, an Hair may 
draw up an Oak by the Roots. 3 
To this Power are reducible, Whimbles, Augors, 
Windlaffes, Trepans, &c. 


HRLLRLLLRELLEERRSBRERREELRE ERS 
Of the WEDGE, 


* 


fig. U1. Alina is the mott Simple of Me- 


chamcal Engines, and is a folid T77- 
angle ; ufually of Iron, to flide againft the Parts of 
the Body it cleaves. 

To underftand the Power of the Wedge, one of 
the two flat Sides which incline to one another, 1s 
to be look’d upon as an inclined Plane, and. the o- 
ther as an horizontal Plane; and we muft con- 
ceive that by the help of this inclined Plane, a 
Power fhall raite a Weight, which without this E7- 
gine it could not fo much as bear up. 


Fig. 15.) Let the Triangle DB C, Reétangu- 
tar at B, reprefent a Wedge, D the Point or Edge of 
it, BC the Head; and to be more plainly under- 

| ftood, 


vs 
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ftood, let D.B the Length of the Wedge. be twice 
its Height BC, and the Bafss B.D_ perfectly. 
Smnaodh, fa that being applied to the horizontal 
Superficies\ AB, which alfo I fuppofe perfectly 
Smooth, the Wedge D BC may flide upon. that 
horizontal Plane A B, without any Difficulty. Then 
_ again, let us fuppofe that the Weight E be hindred 
from going to A. by the Plane H IK perpendicu- 
lar to the Horizon, which yet docs not hinder the 
Wedge from fliding along the horizontal Plane A: 
3B, when it fhall be drawn or pufhed from B to- 
wards E; by a Power whofe Line of Direction is 
parallel to the Horizon... If then the Power puthes 
the WeageD BC regularly from B towards A, in 
caufing it to flide upon the horizontal Plane A B> 
it will caufe the Weight E to rife up by fo 
regular a Motion, that. its Center of Gravity 
E will never go out of the Line EF per- 
pendicular to the Horizon; fo that when 
the Point B fhall come to D, the Point C to F, 
and the Point D to G, (that is; when the Wedge 
. DBC thall- be. in. the. Pofition. G.D F) .the 
Weight E by the Refiftance of the Plane A I K, 
fhall have been..forced to. rife by the inclined. 
Plane CD, ‘or F-G, which’ will haye- puthed ic’ 
ee an © | upwards 


we. i 
upwards towards F; fo that ie will have rifen the 
whole Length of the Line D F, when the Power 
fhall have moved the Length of the Line BD or 
GD, which is twice D F by the Suppofttion. a 

Since then in this Suppofition the Power has 
double the Velocity of the Weight, it ought to 
have double the Force of the Weight ; therefore 
it needs not be more than half the relative 
Weight of that Ponsdus upon the inclined Plane 
CD to be able to bear it there; according to 
that general Law of Mechamicks which we have 
taken Notice of in the foregoing Engines (viz,.) 
that the Power increafes proportionally as its Ve- 
locity increafes : Whence we may eafily con- 
clude, that when a Power whofe Line of Direéti- 
on is parallel to the Horizon, fuftains a Weight 
by the Means of a Wedge, whofe Bafis is alfo 
parallel to the Horizon, that Power is to the 
Weighe it bears up : : as the Height of the Wedge 
to its Bafe. | | | 

COROLL. 

Hence the fharper the Wedge is, the more eafi- 
ly it will enter, becaufe GOthe Velocity of the 
Power [ Fig. 12. Plate 2d.] will be greater in 
proportion to; F, that of the Weight; and ab 

this 


| Sl 
this Wedge thall be ufed to cleave a Body, as 
ABCD, the more the Planes EFG O which 
make up this Wedge, are inclined to one another, 
the more eafily will the Parts EG flip along the 
Wedce. 

Nt B. EF O muft be taken for an inclined, and 
GO for an horizontal Plane, and the Refsftance 
that the Body A BC D makes in tts upper Part 
when tt ts -difunited from tts lower, may pafs for a 
Weght, whofe Line of Direction 1s perpendicular 
to its lower horizontal Part C D. | 

This which 1s true inthe Theory, would hold in 
the Practice tf the Plane of the Wedge, and that 
Plane whereon at flides were perfectly Smooth, and 
the Weight truly Spherical ; but fince there cannot be 
of {uch a Mathematical Exactne[s, the Practice 
won't hold ; therefore Percuflion ts applied, which ws 
the only effectual Means, becaule the Parts of the 
Wedge will ftick le{s when the whole is put into a 


Tremulous Motion. 
| SC HO LIUM. 
The Reafon why a {mall Hammer with a vio- 


lent Blow, will not have fo much Effect asa 
= (; 2 {mall 
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fmall Blow with a Sledge, is, that a Sledge with 
a {mall Force added to its Gravity, will have 
‘more Motion downwards, than a little a eee 
with a {wift Blow, tate the Motion is in a ra- 
tio made up of the Pondusvof the Velocities. 

Pare to Bend ze T ae Wedge may be reduci- 
ble to the Leaver: Thus C D Ais as two Leavers 
of the firft Kind, whofe fixed Points are at BB, or 
rather as in Aig. 14. it reprefents two Leavers of 
the fecond Kind, whofe Fulcra are in the. com- 
mon Point A. 

The Weights to be bined ne Ort and the Pow- 
ers applied at B. 
To this Power are reducible Nails, Bodkin 
Hatchets, Knives, Saws, = bc. being eae 
fattened to Leavtrs, SS 


SRE DK CI ERIIET aut Mol es 
Of the Screw. 
‘Plate 2. Fig. [ HE Screw is nothing but a 


Wedge continued Outi a 
Cylinder in in a Spherical Masict ; the Male-Screw 
A B is an outfide, and the Female-Serew C D an 
infide Screw. To 


£45] 

To thew better how the Screw works, fuppofe 
the Weight E to move upon the folid Triangle, 
D CB trom E to C, it will be the fame thing as - 
if the folid Triangle had moved under it, and for-_ 
ced it upto F, where it muft go, becaufe the 
vertical Plane H I K @hinders it from rifing ina- 
ny:other Line befides E F. Now, becaufe the Pow- 
er has moved the wholeLength of: the Line C D, 
and the Weight only that of the Line EF, the 
Power mutt be the Weight >: as the Length of 
the Line EF, which isthe Velocity of the Weight, 
is to the Length of the Line D C, which is the 
| Velocity of the POWED. ~:-)5 25 0 
> Fig. 16.}. To etimate. therefore. the Force. of 
the Screw, we mutt look upon the Height of the 
Cylinder H1.P Quas the Velocity of the Weight, 
and the Thread HK LMNOP (if its He- Helices 
léces were unwound and laid at full Length) as 
the Velocitys of the Power: Therefore by the 
Force ofa, Screw, the Gravity of a Weight, or a-. 
ny other Preflure will be leflened as much as the 
Spiral Line HKLMN ODP, is gteaeee than 
HPorlQ,. the perpendicular Height of. the 
Orie 0 | | 
. | €.Oe 
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DB Oddy 


Hence the clofer the Thread of the Screw, the 
syeater will be its Force, becaufe its Thread will — 
Be longer in proportion to its Height, andat will 
move the flower. 


SCHOLIUM 


If long Leavers be added to the Screw, its 
Force will be still increafed after the manner 
that was fhewed in the Explication of the Lea- 
Ur. © oe Hae OS 

The Advantage of this Mechanical Faculty is, 
that whereas other Mechanical Engines scale to 
act, and the Weight returns when the Power .does 
not continue to act ; this fuftains the Weight, and 
retains all the Force that-was communicated to it, 
when ‘the firft Mover ceafes to act, becaufe the 
Weight prefling the Cylinder along the _Axzs, 
pufhes the Threads ‘of the A4ale-Screw againtt 
thofe of the Female-Screw; whereas an Helical 
Motion is requir’d to unfcrew ‘fo ‘much as is 
{crewed up of the Jaftrument. Now in other -F7- 
gines, a Pulley, for Example, or Leaver, the 
Weight will return as foon as the Hand ceafes to 


pull 
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pull the Rope, or * prefs upon the End of the 
Leaver. | 

Plate 2. Fig. 9] Bue then there is this Difad- 
vantage, that a Screw is {crewed up as far as it can 

oin a tithe time, which Inconveniency may yet 
b gdied in compound or if you make 
. 2 Bis 4 

it a peepeerat Screw and app at to a Wheel, as in 
the oth Bgure, where thespeepweead Screw C DE 
fixed to the ‘Cylinder AB takes the Teeth of the 
Wheel F, and turns it continually the fame way, 
till it has by means of its Axis drawn up the 
Weight G, tho’ ever fo diftant ac firft. 

‘That this Power is reducible to a Leaver, ap- 
pears from its being a Wedge, which we have 
_fhewed to. be made up of two Leavers of the firft 
or eigen Kind. 


EDEVARGNE NERLRERENED 
Of the Laws of NATURE. 


ee HE Firff L aw of NaTURE,. -is, thae 
| 2 \\§| all Bodies endeavour to preferve them- 
a2! {elves in the fame State, cither of Motion 
or Pelt So that if the Body be at Reft, it never 
comes 
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comes of its; ownyaccord; tocMotion, but muft 
have fomething to move it ; and if it is once in 
Motion, it-endeavours to perfift in that Motion, 
always according to the fame Direction in the 
fame ftraic Lane, norcan it be.ftopr: but: by oa 
Force equal to:the. Force of:ats: Motion. This is 
plain, for Bodies being of an wunactive Mafs of 
Matter can acquire no Change or. Mutation of 
their own State ; and a Body-can no)\more change 
its Motion, and come to Reft, than it can change 
it {elf from one Figure to another ; after the {ame 
manner it can never change its Direction, but will 
always continue to go forwards in the {ame ftrait — 
Line. But whatever Change: is made in:a Body, 
mutt be by fome extrinfical Agent; and if a Bo- 
dy ever changes its Direction, there muft: be fome 
external Agent to make that Change of Direction, 
and if it were Teft to it felf, it would always 
move uniformly forward in the fame ftrait Line: 
Ifa Body move in anv Medium, it mutt neceflarily 
thruft away Parts-of the Wedimm-that are in its 
way ; and therefore -fince whatever Motion -it 
communicates to them, it muft lofe it felf A 
Body that moves in the Air mutt continually lofe 
of its Motion ; whereas if ticre was no Gravity, 

, nor 
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nor any Air, a Scone once thrown up would go 
on in infinitum, without lofing irs Motion. The 
Air then is the only Caufe why Bodies lofe of 
their Motions when thrown up, and Gravity 
is the only Caufe which brings them to the 
Earth. 

In the Eieavetis whére the Ether is exceeding 
thin, and next. degree to nothing, the Pian: 
preferve their Moudns without: the ‘leatt fenfible 
Diminution: From hence we know the way how 
Motion is communicated to Bodies ; for when a 
Man holds a Stone in his Hand, the Stone parti- 
cipates of the Motion of his rd becaufe being 
in it, is moved with the fame Velocity as the 
Hand is: Now by this Law of Nature, a Body 
once put in Motion, will always endeavour to 
go forward according to the fame Direction. And 

therefore: when the Man draws back his Hand with- 
out the Sebel it having once had a Motion forward, 
will always endeavour to continue in it. Becgiute : 
all Bodies affect: to move in a ftrait Linc, there 
mutt neceflarily be fome Force to make them move 
in a crooked. This Force-may be either a String, 
by which they are tied to the Center of their M foti- 
on, OF by fome other Centripetal | Force, fuch as Gra- 
, vit, 
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ty, which continually prefles them towards the 
Genter. oc ahh Stars ©, 
Plate 3. Fig. 3.] Suppofe a Body put in Mo- 
tion at A, it will endeavour to move in the 
fame ftrait Line A B; but the Force of Gravity 
continually prefling ic towards the Center, that is,. 
from B downwards, or in a Line perpendicular to. 
the Earth, ic will move in the Djagonal of the 
Parallelogram CG if you fillit up. | 

Plate 3d. Fig. 6.) When the Bomb is by the 
Force of the Powder thrown out of the MMortar,. 
it endeavours by the Airfé Law of Nature to go 
on in the right Line ce; but Gravity ating up- 
on it inthe Dircétien e, makes it move in the 
Line cb, Diagonal of the Parallelogram, contain- 
ed under the Lines cee; that is ({uppofing two. 
other Lines to be drawn = and |} to the faid 
Lines cee b) by a Motion compounded of the 
Force pufhing towards 2 from c, and that which 
pufhes towards from e. st od 

Then the Bomb would by the Firff Law of 
Nature continue to go on towards din the Line 
dg, being the aforefaid Diagonal produced ; but 
Gravity acting upon it in the Direction ¢ f, 
makes it by a compounded Motion go on in the 


Dia- 


oe Si Sef 
Diagonal b f of the new Parallelogram contained 
under 2 gg f, and fo on till ic comes to the Poine 
h. Now fince the firlt Impetus and Gravity does not 
act alternately, but at the fame time all the while 
the Bomb moves, we mutt fuppofe the faid Diz- 
gonals ( in which the Body moves) to be infinite- 
ly fmall ; and then all of them together will 
make up the Curve cbf h, called a Parabolick 
Line, in which all Projectiles move. 

The {wifter a Body moves in a Circle, the 
ftronger is its Endeavour to move in a {trait 
Line, and the more the Thread will. be ftretched 
by which it is kept in; the Force by which it 
{tretches the Thread is called Centrifugal Force (as 
is eafily feen in Slings) and the Force of the ~ 
Thread which detains it, mutt be juft equal to 
this Centrifugal Force ; but if Gravity or any o- 
ther Centripetal Force detains the Body in its Or- 
bit, the Centripetal Force mutt be juft equal to 
the Centrifugal, that the Body may be kept in 
the fame Circle. | 

If a Body lye upon.a Table, and if the Ta- 
ble be moved, at firft the Body will not partici- 
_ pate of the Motion of the Table, but will feom 
to go the contrary way; as is plain froma Vef- 

| ‘oi % 
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fel of Water fet upon a Table; but after thar 
“Motion is once communicated, if you ftop the 
Table fuddenly, the Body lying on it will con- 
tinue its Motion.. If a round Table parallel to 
the Horizon, be turned round an Axis, and a 
Bullet by the Help of a Thread made faft to the 
Center, [ Plate 3d. Fig. 5.]\ tho’ the Thread be 
flack at firft, yet the Table being turned round, 
the Bullet at C will recede from the Center and 
ftretch the Thread as at D; if the Table be ftopr 
ona fudden, yet the Budet will for fome time 
continue its Motion; if the Bullet be not put up- 
on the Table, but hang down by the Thread, as 
ain the Pofture A B, after the Table is turned 

round the Thread will not keep its perpendicular 
Pofition, but will fettle it felf in the Pofition A 4, 
the Centrifugal Force acting againft the Force of 
Gravity, and making the Body recede as far as. 
it can from the Center of Motion. 5s Nes 

If a Glafs Tube be laid: or faftned to a Table; 
in which near the Center be put a {mall Buller, 
when the Table is turned round we may obferve 
the Bullet to recede from the Center towards the 
Circumference, and accelerate its Motion. © 

) | -Befides. 
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Befides this, it will go againft the common Law 
of Gravity, and move upwards if the Tube be fer 
flanting upwards on the Table, being firft fixed 
to a Piece of Wood, reprefented in Fig. 4. Plate 
3. and ic will ftay ar the upper End ot the Tube 
beyond, aslong as the Table is continued in its 
fwift Motion ; but when that ceafes it is prefled 
down again by its own Gravity to G, 

The fame is obferved when we put Globules of 
Mercury or Water in the Tube. If we fill the 
Tube with Water, and put a piece of Cork in the 
End of it, which is next to the Circumference, 
we may obferve, that after turning round the Ta- 
ble, the Cork will go from the Circumference to- 
wards the Center; for the Water being more 
Denfe, or confifting of a greater Quantity of 
Matter, than the Piece of Cork of the fame bulk, 
it will have a greater vs Centrifuga, or a ftronger 
~ Conatus recedendi a Centro than the Cork has; and 

~ confequently the Cork which has much lefs Force, 
will be pufhed|by the Water which has a greater 
Force)rowards the Center. / 


The Second Law. of Nature, is, that the 
Motion produced, or the Mutation of Motion, is 
always 


ic ae 


always proportional to the Mezer Bagh which 
generates the Motion. A dont tS, will pro- 
duce a double @emeseeeey Momentum Joe Moti- 
on; and a triple Force, a triple, €9c. and this 
Motion will always be according to the Directi- 
on of the Force which imprefles it; and if the 
Body was moved before this new Motion arifing 
from this new Force, it will either increafe its Mo. 
tion, if it acts according to” the fame Direction, 
or bith iit it, if it acts in a contrary Direction ; 
or if it acts obliquely, it alters the Dire€tion, and 
turns the Body moved another way. 

If a Body be once put in Motion by the Firft 
Law, it ought always to go on with the fame 
Velocity, and in the fame Direction; but if a 
new Force, equal to the former, act again upon 
it, according to the fame Direction its Motion 
OE Ge cacicaha doubly. If, again, the fame Force 

i SARS its Motion will be 

CD ER. tupk cof the fri, oc 

: Thus if A was “ in Mo- 
tion towards B, having 
once acquired an Impetus that way, it Soins Ei 
ways continue in it; but if we fhould fuppote 
that when the Body comes to CG, that the fame 


Force 
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Force acted again upon it, it would produce a 
Motion equal to the former; and both of them 
put together will be double of the firft. Again, 
when the Body comes to D, if the fame Force 
fhould act again upon it, there would arife a new 
- Quantity of Motion equal to either of the for- 
mer, and the whole being put together will be 
triple of the firft Motion. If, again, when the 
Body comes to E, the fame Force acted upon it, 
it would again produce more Motion, which 
would be equal to the firft; and fo the whole 
Motion arifing from all thefe Actions put roge- 
ther, would be Qwadruple wamm the firlt. If this 
Force thus acting imprinted equal Degrees of Mo- 
tion at equal Intervals of Time, the Motion pro-. 
duced, and confequently the Velocity will be as. 
the Times, When a heavy Body defcends. Gra- 
vity pilin upon it at firft, gives it a Motion 
downwards: Now if the Body fhould ceafe for 
ever after to be heavy, yet the Body will go on 
in the fame Direction, and with the fame Veloci-. 
ty by the Firff Law; but then in the fecond In-. 
ftant of Time,” the Body is heavy, and Gravity 
continues to act, it will again produce a Moti- 


equal to the former. | 


oie 

Juft fo if the Body fhould for ever ceafe to 
be heavy, yer it would ftill continue its Courfe 
with the two acquired Degrees of Velocity ; ; but 
then Gravity acts the third’ Inftant of Time, af 
ter the fame manner it did at firft, and makes a 
Motion equal-to the firft Degree, and therefore 
the Sum of the whole will be triple tale wee the 
firft{. After the fame manner the Motion the 
fourth time will be Qadruple of what it was. 
the firft Inftant, and fo the Motions will always 
increafe ‘the Times This’ is the Reafon why we 
find’ Bodies in their defcending accelerate their 
Motions. When Bodies fall, the Spaces through 
which they defcend, are the Squares of the Time 
they take to fall in, always iter: from the be- 
ginning chus. 


Plate 3d. Fig. 7 and 3.) Wf in the firft: Mi- 


nute of Time a Body falls through a certain ~ 


- Space, at the End of the fecond Minit it will 
have defcended four Times in that Space; in the 
End of the third Minute it will have defcended 
nine Times that Space which it did go through i in 
the End of the firft. So if the Times Se pe in id 
rithmetical Progreffion of 1, 2,3, 4, 5, 6, then 
the Spaces through which the Bodies will have 
| ) defcen- 
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-defcended at the End of thefe Times, will be as 
I, 4, 9, 16, 25, €c. If it be asked how far 
dae Body moves in the fecond Minute? It will 
have moved juft three Spaces ; for it had moved 
thro’ one in the firft, and fo likewife in rhe third 
Minute ’twill have uaéved tunro’ five; for at the 
End of the fecond Minute it had moved thro’ 
four; take four from nine, and there remains 
five. | | 
‘The two rectangular Triangles of fn 7: fasde 
up of other rectangular Triangles, reprefent the 

Spaces gone thro’ in a deoiadendé Time, each 


ss 
fingle Triangle denoting one Space: As ae Ex- 


ample, in the upper figure marked 7, if we {up- 
pote a falling Body to fet out at the rate of one 
Mile in one "Minute: ; let the N* 2. and the Per- 
pendicular of the lirtle Triangle at top exprefs the 
Gift Time or Minute, and thefame NY 1. and the 
Bafe of the little Triangle exprefs the Velocity, 
which always is at the Times ; ; and let the udiode 
Triangle exprefs one Mile that the Body fell the 
fir ft Manure: ; then if you confider that the Body 
having fallen four Times, the Line exprefling the 
Tine: muft be the Perpendicular of the great 
Triangle, which 1 is four times greater than that of. 

[ the 
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the lirtle upper Triangle: Likewife the Line ex- 
preffing the Velocity mutt be in the Bafe of the 
ercat Triangle, which Bafe is four Times greater 
than the Bafe of the little Triangle; and the 
whole Triangle will be the Sum of the Spaces or 
Miles gone thro’ in four Minutes, which will ap- 
pear by dividing it into little Triangles equal to 
the firft. A Sight of the Figure will eafily teach 
how to know the Miles that the Body has fallen 
thro’ in any Number of Minutes or Times. 

If a Body [| Mig. 10. Plate 3. as A lies upon 
“an inclined Plane, it endeavours to defcend Per- 
pendicular, bur the Plane hindring it, with part 
of its Weight it will prefs upon the Plane, and 
with the reft ic will defcend as faft as it can a- 
long the Plane; but it will not accelerate its Moti- 
on fo faft, as if icdid all along defcend Perpen- 
dicularly ; thus in falling from B to C, it takes 
longer time than if it had gone directly from B 
to Din the L, fo that at the Point C it will have 
as much Velocity in falling from B to CG, as it will 
have at D, in falling from B to D. The lefs 
the Plane is inclined to the Horizon, or the 
nearer it comes to the L, the fatter it will accelerate 
its Monon, ohiig’ ake EY | 
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Fig. 11.] Thus ic will fall fooner from B to 
G, than from B to C, and fooner from B to E, 
than from BtoF; bur in falling from the fame 
Point Bto the Points DEF GC, the Degrees of 
Velocity acquired are all equal, tho’ they. be ac- 
quired in unequal Times. VG. Suppofe BC 
three Times longer than B D, the Body will go from 
Bto D in the third part of the Time that it goes 
inthe Plane of B C trom Bto C;. but the Veloci-, 
ty acquired in the defcending from B to D, 1s 
the fame that is acquired in the defcending from 
B to C, and therefore it will accelerate its Motion 
in the Line B D three Times fafter than in the Line 
Bite | Tait | 
If a Body in falling from B to D acquire anv 
Degree of Velocity, and with that Velocity be 
turned upwards, it will juft afcend to the fame 
Height from whence: it came, and Gravity act- 
ing upon it will leflen continually its Velocity, 
inthe fame proportion it increafed before in de- 
fcending, and after it has come to the Point B it 
will immiediately defcend again: After the fame 
manner, if having fallen along BD [Plate 3. 
Fig. 12.| it be turned up on the inclining Plane 
DC with that Velocity which it acquired in de- 
seriya'A Be) {cending, 
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fcending, it will yuft go to the fame Height from 
whence it fell. Dt ; i 
Fig. 14.]. If a Body B hanging by the String 
A B down towards E, be moved from B to D, 
and from thence let fall, it will continually acce- 
lerate its Motion tll ic comes to the Point B or 
_ E; and then with all ics Force it will go into the 
Arch B C to the Point C of the fame Height with 
the Point D from which it fell, and then at the 
Point C it will defcend to D, and there it will 
have the fame Velocity as it had before at B, with 
which it will afcend to D and fo make Vibrations 
continually. The Body fo hung by a String is 
called a Pendulum. Suppofe a Circle, whofe 
Plane is | co the Horizon in which were drawn 
feveral finall Subtenfes BD, BE, BF from the 
lower-moft Point B, [Plate 3d. Fig. 9th.] the 
Body will defcend in the fame Time along the Line 
BD, from Dto B, or along the Line F B, from 
tp Bi | | OIG: 9 
The Reafon is this, tho’ the Line F B is longer 
tuan the Line B D, yet it is alfo more tl, or lefs 
inclined to the Horizon; and confequently the 
Body will accelerate its Motion fafter upon the 
Line BF, than upon the Line B D; becaufe {mall 
| | Arches 
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Arches do not differ much, either in Declivity ot 
Length from their Chords. Bodies will very near- 
ly defcend in the fame Arches of Circles, that 
they will do in the Chords of thofe Arches; but 
Bodies defcend in the fame Time thro’ all thofe 
Chords, whether they be greater or lefler; and 
comfequently the Vibravions of the fame Pendu- 
lum, whether it run out in a greater Arch, or lef- 
fer, are all performed in the {ame time. 

Plate 3. Fig. 16.] Let A fall from 8, and B 
from 4, the Velocity with which A will be moved 
being fo: much greater than that of B, they will 
both meet equally at the Point C; the fhorter the 
Strings are, the quicker are the Vibrations; be- 
caufe the String is as the half Diameter of the 
Circle; and fo-the lefs the String is, the leffer the 
Circle will be; and confequently the lefs the Cir- 
cle is, the quicker the Body will be moved round. 
it. | 


The Third Law of Nature, is, that A- 
ction and Re-action are always Equal and Contra- 
ry, 2. ¢. the Actions of Bodies one upon another, 
are equal, and the Force impreft is always directed 
towards contrary Parts; fo that the Mutation: of 


Motions 
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Motion , which thofe Actions produce are equal. 
This Law will be illuftratced by feveral Exam- 
(A) @ b ples « Firft, if the Body A 
Se eat - moving towards C, meet 
with Bat Reft, whatever Motion the Body B gets 
by the Impulfe, fo much precifely will. the 
Body A lofe. V. G. . If the Body A have twelve 
Degrees of Motion, and after the Impulfe B 
have five, then A will have but feven remain- 
ing ; and therefore there will be equal Mutations 
of Motton in both, and the Effect will be the 
fame, as if a Force equivalent, to five Degrees 
of Motion acted upon A” yeameees C,* contra- 
ry to its former Motion, and another equal to it 
acted upon B impelling it towards C; and univer- 
fally when one Body hits another, the Stroke or 
Blow is equally received in both, and it is always 
proportionable to the Motion lott.in Percutient 
Bodies. If an Horfe draws a Stone which is tied 
to a String, the Force by which the Horfe is pul- 


led back towards the Stone, is equal to the Force 


by which the Stone is drawn towards the Horfe ; 
for the Rope being equally ftretched by the fame 
Power it has to contract it felf, will put equally 
the Stone towards the Horfe, and the Horfe. to- 

| wards 
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towards the Stone; and therefore the Force of At- | 
traction in the Horfe and in the Stone are both ¢- ©. 
qual ; but feeing the Strength of the Horfe is fo 
creat, and aflifted by the Ground on which he 
ftands, that he can refift the Attraction of the 
Rope, he will not in the leaft yield to the At- 
traction of the Rope, nor be pulled out of his 
Place; but the fame Stome which has fo great a 
Force of Refiftance, will be drawn towards: the 
Horfe. If the Magnet or Load-Stone attract Iron, 
the Jron will likewife equally attract the Load- 
Stone ; this may be feen if you hold the Jron in a 
fixed Point, and the Load-Stone hang in a Scale, 
or be fufpended bya String. The fame thing is 
true in all other Attraction. | 

Plate 3. Fig.18.] Suppofe two Boats A and 

B floating in the Water, and a Manin one of 
them. V.G. A, by the help of a Rope, pulls 
the Boat B towards him, and that by that Attra- 
— tion nog only the Boat B eases to A, but alfo 
the Boaf.will be equally drawn to B ; fo that the 
Quantity of Motion will be equal in both; and 
if the Boats be of the fame bignefs and weight, 
they will mect at E the Mid-way between A and 
B. But f{uppofe B 10 Times greater than A, = then B 
7 | will 
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will have 10 Times lefs Velocity than A, and the 
Boats will.meet not at E but at D, fo thac DG 
will be 10 Times longer than F G ; if B is 1000 
Times greater than A, they will meet at the Point D, 
which will be fuch, that G D will be 1000 Times 
greater than DF, and confequently it ought to 
have 1c0O Times lefs Velocity, fo .as to make 
the Momentum equal in both. If B be vaftly 
greater than A, its Velocity will be vaftly lefs, 
and altogether infenfible. If a Man in A b 
the help of a Pole, thruft the Boat B from him 
towards H, by that thrufting the Boat B forward, 
the Boat A will be thrutt backwards towards K. 

So that that there will be equal Quantities of 
Motion in both towards contrary Parts ; and 
- tnerefore if Bis 10 Times greater than A, B will 
move towards H with 10 Times lefs Velocity than 
A, which moves the contrary way towards K, fo 
that the Quantitics of Motion in both are equal. 
If B is immentely bigger than A, its Velocity will 
be lefs than -A’s in the fame proportion, and 
confequently irs Velocity will be altogether in- 
fenfible in ref{pect of A’s, and may be reputed 
8 GARG a... = 
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_ Fig. 17. Plate 3d. And therefore if a Man in 
a Boat thruft the Earth or Shore from him, the 
Boat by this thrufting will recede from the Sikone ; 
for the Shore may be confidered as a prodigious 
great Body in retpeét of the Boat, and confequent- 
Ty its Velocity will vanifh and be equivalent to 
nothing. When a Boat is rowed with Oars, the 
Water by the Motion of the Oars is repulfed back 
to C, and therefore will re-act upon the Oars, 
and give to the Boat, to which they are fixed, a 
Motion towards D ; and it is only upon this Ds 
count that the Boat si ae forwards ; for if there 
was no Re-a¢tion, and the Water by being thruft 
back did not give i Boat a Motion for wards, pee | 
mutt ftand fill, becaufe there would be no Caute ar 
its Motion ; bue now fince the Water re-acts upon 
the Oars, it communicates by its Re-action, as 
much Motion to the Boat forward, as the Oar did | 
to the Water backward. — 
Since Swimming is nothing but Rowing with 
- our Hands and Feet, we may cafily underftand the 
Reafon why by this Motion of our Hands and — 
Feet we advance forwards ; for when the Water is 
thruft backward, it by Re-action will repel the 
Stoimmer forward. Likewife when by the Motion 
Kk of 
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of our Hands we chruft the Water down, it will 
by Re-action force us upwards. } 
And the fame thing isto be applied to the 
Flying of Birds, which is nothing elfe but Stwem- 
ming in the Air. The general Rules that all Bo-_ 
dies obfervein their Motion, is this: The Sum of 
their Motions towards the fame Part, (which is 
known by taking the Sums when the Bodies move 
the fame way, and the Difference when they move 
contraryways) remains the fame always before and 
after the mutual Jmpulfe. : 
BODIES thathave no Elafticity after their 
Congrefs, move together without any Separation 
towards the fame Side where was moft Motion ; 
and becaufe the Sum of their Motions is always 
the fame before and after Percuffion, if we take 
the Sum and divide it by the Quantity of Matter 
ot Weight of the Bodies, the Quotient will give 
their common Celerity with which they will move 
after their Conjunction. Suppofe A B equal each, 
for Ex. to a Body of five Pounds; and fuppofe 
B at reft, and A to move towards it with four De- 
orces of Velocity ; becaufe B has no Motion, the 
Sum of their Motions will be four times Five, or 
Twenty, which being divided by the Sum of their 
| / Weight 
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Weight (viz) Ten, their Quotient Two will be 
their common Velocity atter Conjunction: So that 
if one Body move directly upon another, equal 
to it which is at reft, after their Conjunction they 
will go together with half their former Velozity. 
If A and B were equal, and B moved. according, 
to the fame Direction with A,. bur with lefs Velocs- 
ty after their Conjunction, they will both go to- 
gether with half the Sum of their Velocities. Sup- 
pofe A’s Velocity Eight, and B's Six after Impulle, - 
the Velocity of cach will be One; if B moved bya 
contrary Direction with lefs Motion than A has, 
then if the Bodies be equal they will move toge- 
ther with half their Difference after meeting ; but 
univerfally their Velocities are determined by taking 
the Difference of their Motions, which is the Sum 
of their Motions towards the fame Direction, and - 
dividing it by the Sum of the Bodies. Suppote 
A to be ten Pounds and B to be fix, let A's Ve- 
locity be Five, and B's Three, the Difference of their 
Motion is Thirty-two, which being divided by Six- 
teen the Sum of the Bodies, the Quotient Two is 
the common Velocity after mecting. If A and B 
moving contrary Ways, have equal Quantities of 
Motion, after Concourfe they will both reft; for 
ican Ol aN in 
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in this the Difference of theirMotions being nothing, 
after meeting they can have no Motion. As for 
Example, fuppofe A ten Pounds and B Eight 
Pounds; ler A’s Velocity be Four and B's Five, in 
this Cafe the Morion in each will be Forty, there 
being no Difference of Motions, the two equal 
and contrary Forces acting one upon another will 
deftroy one another's Motion; and therefore 
Des Cartess Law of Motion is falfe, by which he 
faid, There was always the fame Q uantity of Moti- 
on preferved in the World. 

If there was no Elafficity, the former Lazws 
would ferve for all Bodies; but by Reafon there 
are few Bodies but what are Elaftick, the Rules of 
common Motion are fometimes very different from. 
thefe already given ; for by the Force of Elafficity of 
Bodies, fometimes they move after Percuffion, and 
according to the fame Direction, and fometimes 
they go in contrary Direction. | | | 

That we may explain the Caufe of Reflition 
and Separation of Bodies, we may illuftrate it by 
an Example ‘thus. [Plate 3: Fig. 15.) Let AB 
reprefent a Silken-Thread, or Cats-Gut, ttretched 
and ftrongly extended upon the Table by the help - 
of two Nails. If the Thread taken by the middle 


Point 
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Point and moved out of it’s Place, fo chat the 
Point D comes to C, and the Thread lye in the 
Pofition A C B, and then left to its felf, ir will 
immediately with Force go to reftore its felf to 
its former Pofition. Now by the continually act- 
ing of this elaftick Force, by which it endeavours 
toreftore it felf, ic will continually increafe its 
Velocity yott as heavy Bodies do; and when it 
comes to the Point, it will havea Force to go on 
forward, equal to that by which it was forced out 
of its Pofition, by which Motion ic will go on till 
it comes into the Pofition A EB, and then it will 
reftore it {elf again, and perform Vobrations jut - 
as ina Pendulum. | 
Now let us fuppofe a Body, as D [Plate 3d. 
Fig. 15.] to run from F upon the Thread AB, — 
the Thread by this Force will be put out of its. 
Pofition AB intothe Pofition A EB, where it will 
quickly ftop the Motion of the Body D: Now 
the Motion of the Body D being deftroyed, the 
Thread by its elaftick Force endeavouring to re- 
ftore it felf will return to its former Pofition, 
with the fame Force by which it was put out of it, 
and will bring back the Body D again with it; and 
when it comes to the Pofition A D B, it will have 
tie . 
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the fame Force to go forwards towards F,. as it 
had when it was put out of its Pofition firft. But 
when it was put out of its Pofition firft, ic had all 
the Force of the Body D imprefled on it; for all 
that Force was {pent in bending theThread: There- 
fore ic will rcftore it felf with all that Force, and 
confequently drive the Body D backwards by the 
fame with which it came upon it. The Body D 
having then once got an Impulfe backwards, equal 
to what it had ar firft forwards,will by the FirftLacw 
of Nature always continue in that Motion, and . 
therefore will be reflected with the fame Velocity it 
had at firft forward ; if the Thread does not reftore it 
{elf with the fame Force with which it was bended, 
the Body will not be reflected with the Velocity 
equal to what it had at firft. (Plate 3. Fig. 13.] | 
It the Body runs floping upon the Thread, the 
Reflection will be oblique, fo that the incident 
Angle B be equal to the reflected Angle C. If 
inftead of the Thread there was placed an Elaftick 
Body, and fuppofe its Surface bended in by the 
Force of the Stroke from the Pofition at D B, into: 
the Pofition A C B, as foon as ever the Force of 
the Stroke ceafes, the Surface A-C D by the Force. 
of Elafticity will be reftored into. its former Pofi- 

tion; 
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tion; and by all the Force by which it reftores it 
-felf, ir will act upon the Body F and make it move 
back again. - Now if the Body be a perfect Ely- 

fick Body, it will reftore it felf with the fame Force 

with which it was comprefied, and therefore it 
will make the Body F recede from it with the fame 

Velocity with which at firft ic advanced towards it. 

Now that all Reflecting Bodies, as Glafs, Ivory, 

Marble, &c. are Elaftick, may be eafily conclu- 
ded from the Sound and Tingling which they give 
when they are ftruck ; juft as in a Silken or Lute- 

String, when it is ftretched and ftruck, they pro- 
duce an Undulation in the Air, caufed by frequent 

Vibrations, after the fame manner, but not fo laft- 

ing ; but it may be more eafily proved from the 

Concourfe of Glafs or Marble Spheres: For if you 
tinge one with any Colour, and let the other 

fall upon it, the Percutient Body will have a greater 

Portion of its Surface tinged, than that in which 

it touches ; and therefore by the Stroke it 

mutt be fomewhat flatned, tho’ afterwards it re- 

ftores ic fel again. Bodies that are perfectly E- 

lafttck recede from one another after Invpulfe with 

the fame Velocity as before they ftruck, or they ap- 
proached one another; or which is the fame cnn 
| theit 
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their relative Velocity before and after their mutu- 
al Percuffion abides the fame. The Reafon is this: 
Bodies vecede from each other only by their Ela- 
{tick Force, by which they reftore themfelves to 
their firft Figure; but that Force is equal to the 
Force of the Stroke by which the Figures were 
changed, and the Stroke is always in the Proporti- 
on of the Velocity by which they approached 
one another: And therefore the fame Force will 
make them recede from each other with the fame 
Force as they before came tO ¢ ch other. If the 
€ ther : 

Bodies move towards, contrary Directions, the 
Force of their Stroke is as their relative Velocity, 
which is equal to the Sum of both their Veloci- 
ties; but if they go on in the fame Direction, the 
Force of the Stroke which is ftill as the relative 
Velocity, will be likewife as the Difference of their 
abfolute Velocities; for the relative Velocities are 
always as the Difference or Sum of their real Velo- - 
cities, according as Bodies move in contrary or the 

fame Directions. - | | 
From this Property of perfect Elaftick Bodies, 
and the univerfal Law of Motion, that the Sum 
of their Motions towards the fame Direction al- 
ways remain the fame, ‘tis cafy to determine the 
Velo- 
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Velocity of each of the Elsftick Bodies after Per- 
cuffion. 

The Rut es which they obferve, are chefe 
following. | 

1. If a perfect Elaftick Body comes upon ano- 
ther equal to it, and at reft, after Percuffion, the 
‘Percutient will ftand fiill, and the other will go for~ 
ward with all the-Velocity of the Percutient. 

2. If two equal Elaftick Bodtes move according 
to the {ame.“Direction, after Concourfe they will 
change their Velocities one with another, and the 
Antecedent will-have the V eloctty of the Confequent, 
and the Confequent of the Antecedent. 

Be Af two equal Bodies move contrary after 
meeting, they will both reflect and change their V elo- 
cities one with another. | 

4. If alittle Elajtick Body comes upon a greater 
which ws atreft, the inpingent Body will be reflected, 
and the other will go forward with a Motion equal 

to both the Motion of the Inpingent forwards before 
the Impulfe, and its Motion backward after. 

5. If the greater Body comes upon the leffer, they 
will both move after the Stroke in the {ame Dr- 
wection. | | 
L ‘Thofe 
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Thofe that underitand Algebra, may  eafily 
Calculate the Velocity of all forts of Elaftick 
Bodies after their Mutual Congrefs. 


EPLAGIORARELELELERED 


HYDROSTATICKS. - 


DEEL NV TETONS” 


SCAN. any Force impreffed, and by yielding 
e9 GaXS| are cafily putin Motion. 

~ 2. 4 Solid ¢s 4 Body, whofe Parts are 
fo connected, as not to be divided withuot. a deter- 
minate Force. - . 


By Solidity, we don't: mean that gis of Bo- | 


dies, whereby they refift Penetration; but’ the Coe 
—— herence of the Parts, by which they endeavour not 
ta be feparated. Monfr. Ozanam’s Definition of 


a Fluid and a Liquid are thefe. -A Fluid isa Bo- 


~ dy which ts eaftly paffed through, and whofe {epara- 
ted Parts join again immediately; as Air, Flame; 
Water, Oil, &, and other Liquors. _A Liquid # 


a Fluid, which being in afufficient Quantity, flows — 


continually 


[RFE Fluid ts a Body, whofe Parts yield to 


Sa Ai lie a), Be a a et 
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continually and foreads it felf below the Air, till its 


upper Surface 1 Level, or in a horizontal Pof:- 
t1071. | | 3 : 
3. Gravity a that Force which pufies Bodies 
downwards. | | 

4. One Body ts [aid to be Inten ely or Specifical- 


ly heavier than another, when it has more Weight 


| and the fame Bulk, or as much Weight and a Tes 


fick Gravity than A. 


Bulk. — | | 
Let Abe an Inch of Wood, and B an Inch of 


— Lead; if B weighs Four Oun- 


} 
} 


(Liiddig, 


| | 


| Gi 
A f 
) 
i 
: i| 


ces and A One Ounce, B will 
have Four Times more Spect-. | 


Let Abe One Ounce.of Wood 
and ‘D One Ounce of Lead, if 
AA be four Times greater than 
D, then D will have four Times the Specifick Gra- 


wity of A; for there ts a reciprocal Proportion be- 
tween the Bulk and ‘Specif 
ponderous Bodies. 


ck Gravity of agut- 


L2 Prop: 


Prop. LE 


Both the Superior and Inferior Parts of any heavy: 
Fluid are heavy, and the Superior prefs the 


Inferior by their Gravity. 


Plate 3. Fig. bat T a Fluid be put in the 
se 4 Velie! ABC D Tiay all te: 
Parts are heavy, and that the Superior Parts A EF 
D prefs the Inferior ; for fince the whole Fluid is 
heavy by the Hypothefis, and the Parts partake 
of the Nature of the whole, it appears that all 
the Parts are heavy ; wherefore fince Gravity is thar 
Force which. pufhes Bodies downwards, it appears: 
alfo that this Force is exercifed on the inferior 
Parts of the Alwid, which are therefore prefled by 


the Superior.. | 


COROLL. 


From hence it follows, that the Preflure on a- 
ny Part of a Fluid is always according to the 
Height of the incumbent Flwd; for the. Superfi- 
cies E F is prefled by AEF D, and the Superfi- 
ces GH by AGHD, whofe Weights or Pref 


fures are.as A G. 
7 Sas: & 
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EXPERIMENT. 


Take a Glafs Bubble, and having by Heat ex- 
pelled fome of the Air out of it, immediately 
Seal it Hermetically: When it is cool tye it to a 
- Balance, and add fo much Weight to it as 
~~ will make: it fink; then put Weights in the other 
— Scale to keep it from finking ; then break off a 
Piece of the long Neck of the Bubble, within the 
Water, fo that the Water may run in, and you 
will find that the Weight in the other Scale will 
not keep the Balance even; whereas if the Water 
within the Bubble did not weigh, the whole would. | 
Mtill be kept in 2quilibrio, becaufe according to. 
that Swppofition, there is no Addition of Matter 
that weighs. PUG | 

Hence it is plain, that Water weighs in Wa- 


ter. 


This Experiment refers to Cor. Prop. I. 

On this Principle are founded all Water-works 
and. Fountains ; according to the Height of their 
Refervatories, fo hieh will the Water rife. VG. 
If the Refervatory be Twenty Foot, the fpouted 
Water will rife Twenty Foot, allowing tor the 
Refiftance of Air. Tis ; 
19 ae Pia 


~ Plate 3d. Fig.25.] If you tap a Barrel full 


«of Water. at -feveral Places, the higheft will 


{pout out the leaft Way, becaute its Height from 
the Surface is the leaft, and confequently the Pref- 
fure is the leaft; that which is loweft.will {pout 
fartheft,, becaufe farther from the. Surface, and 
therefore the greater Preflure will be upon .it. 
But this mutt be underfteod if the Barrel be a fuf- 
ficient Height above the Plane on which it {pouts, 
as in the Fig. 25. Plate 3d. for if the Barrel 
fhould lye upon an_ horizontal Plane, the Li- 
quor aa O68 comes out at the Middle of the 
Vellel would {pour fartheft.; becaufe, tho’ the 
Liquor comes out .at Bottom with the greateft Ve- 
locity, the Plane would intercept it at a lefs Di- 
ftance from the Barrel, than if the Barrel was high- 
er. In fuch a Cafe the Liquor {pouting from an 
Hole, as near the Level of the Surface of the Li- 
quor in the Barrel, as the Diftance of the loweft 
Hole from the Level of the Plane on which it is 
to fpout, will fall on the Plane in the fame 
Place as the Liquor that comes out at the loweft 
Hole... : ee 
Plate 3d. Fig.26.} If the Spout of a Barrel 
be turned upwards, the Water will rife as high out 
| , | of 


of it, up to the Height of the Water in the Bar- 
rel, viz, to A; and as the Water finks fo will 
the {pouted Water without fink too. 


Prop. Xf. 
In any Aluid Fig. 19. ‘Plate zd.) as ABCD, 


not only the Parts are prefled downwards, but 
there is alfo a lateral Preffure, and a Preflure from 

all Parts. oe Sey et | 
_ For when a Flud is prefled from all Sides, it 
endeavours to recede from that Preflure; from 
_ whence that Force of receding will prefs all cir- 
cumyacent Bodies, whether Fluid or Hard. V.G. 
Let a Drop of Water [ Fig.22.] as 2 be prefled 
by the Finger D upon the Plane B GC, it will not 
only prefs the Plane B C, but endeavour to recede 
_ towards the Parts B and-C; and if there be any 
Body as F, which hinders its Motion, it appears — 
‘that that Body is prefled with. all that Force by 
which it endeavours to recede towards B. After 
the fame,manner in the Fluid [ Fig. 20.] A B-CD, 
let any Part be afligned as E, which by the fore- 
going Prop. is preft by the upper Part G, and 
- endeavours to recede.towards the. Parts F K, eae 
ore 


£807 
fore it muft needs be that it prefles F and K with 
all that Force by which it recedes towards thefe 
Parts A Bes it | | 


CORDAL 


Hence the lateral Preflure is according to the 


Height of the incumbent Fluid. | 
SUHOL 1Ua. 


Hence it’s eafily underftood why Flasks well 
ftopt, and only full of Air, being let down into 
the Sea ( by fome Weight tied to them) are bro- 
ken, viz, by the great Weight of the incumbent 
Water, which neither the Soundnefs of the Flasks, 
nor the included Air is able to refift. 


PAPE Rig as 


If you immerge a Glafs Tube in Water, and 
ftop the open End [Fig.24. Plate 3d.] with your 
Finger, to hinder the Water from falling out of it 
again, and immediately take the Tube of Water 
and put it a pretty way into a Veflel of Oz/, fo 
that the upper-moft Surface of the Water may be 

| wan sihsigiliad pans ie 
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below the Surface of the O7/, the O7/ will force 
the Water up; for the Ov! at EF being more 
prefled by the Columns of Oil G and H, than it 
is by the incumbent Water at M,. will be forced 
upwards, and ic will make the Water at M to af- 
cend, till the Flwd in the Tube prefles as much 
on the Surface M as the Od/ at GH does on the 
suttace i .E- | | 

Now becaufe Water is heavier than Ovz/, the 
Water in the Tube will not rife fo high as the 
Surface of the Ov/, for the Water being heavier, 
a Column of alefs Height will prefs as much on 
M as the Columns GH prefs on E F. | 

Hence we fee that a lighter Awd may preis 
-on one that is heavier. 


Prop. TH. ) 
Fig. 20a biate,3.|.: Uall the, Pares-F EK: of 


an homogeneous Fluid, as A BC D, which lye un- 
der the fame horizontal Plane, are equally pref- 
fed; from fuch a Preflure there arifes no Motion, 
for when the Preffure is equal on all the Parts, 
they all will prefs ach other with an equal 
Force; wherefore no one Part will yicld to ano- 


M ther, 
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ther, but the under Fluid powerfully affitted by 
the Bottom of the Veffel, refifts their Preflure 
downwards ; therefore, from fuch a Preflure there 
arifes no Motion. 


COROLL. 


Hence alfo the Parts of an homogeneous Flu- 
id are at‘reft, and not moved by any inteftine Mo- 
tion; for fince all the Parts equally refift, one 
Part will not yield to another, and therefore are 
not moved. Contrary to Des Cartes’s Opinion, | 
who held, that Fluidity confiftsin a continual and 
various Motion of the Parts. 


Prop. IV. 


Plate 3. Fig.20.] If any Part as E, of the 
Fluid AB CD is more prefled than the reft, it will 
_ drive both the Parts under it, and thofe on every 
Side (a latere ) out of their Places. For if the 
Parts of a Flmid eafily yield to any Force impret- 
fed ( by Def. 1.) te appears thar the VPatts Fs 
which are next to E, will give place to it prefling 
with a greater Force, from whence E flows into 
their Places, Bg. | 


Bae 
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| Fig. 23. Plate 3d.] Fill a Tube with Oil, and 
immerge the Bottom a little way in a Veflel of 
Water, (the top of the Tube being kept ftopt with 
your Finger) fo that it ftand a good way above 
the Surface, as at #, then the Water at m being 
prefled by a high Column, will be more ftrongly 
prefled by the incumbent O7/, than E and F are by 
the incumbent Water ; confequently it will (after 
your Finger is removed from the top of the Tube) 
thruft the Water at E and F out of its Place to 
give the Oil liberty to defcend, and then you will 
fee the Oi come out of the Tube in Drops, and 
then mixing with the Water it will afcend and 


ts oO 
{wim onthe top. 


Prop. V. 


Plate 3d. Fig. 20.) If the Parts Eof the Hud 
ABCD belefs prefs’d than the reft, the Parts next 
to itas FG K being more prefled, will thruft ic 
away and poffefs its room, and the Part E will 
rife until the Preflure of the Parts next to it be ¢- 
qual to its own Preffure. 

Miz.” For 
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For, fince the Part E being lefs prefled, cannot: 
refift the reft prefling ftronger, it will yield to: 
them by the 1. Def. and that always till it come 
to fuch a Place, where the Preflure of the Parts 
next to it be equal to its own Preflure, where, by, - 
the 3d Prop. it will reft; but if it be a Flazd, and 
it happen thar it refts not under the Superficies, 


it will fpread it felf all over the upper Superficies.. 
COROLL. 


Hence if the Parts of a Fluid are in quilibrio;. 
_ they are all equally preffed under the fame hori-. 
zontal Planes. tee 2 

EXP PAT ae ide 

Fig.2.4. Plate 3.| Take a Tube and fillit alittle way: 
with Oi/, and ftop it as before, the Oil will ftill re-. 
main in the Tube (being kept there by the Preffure 
of the Air) immediately immerge the Tube in Water 
(which may be tinged: with Cocheneal for the bet- 
ter Diftinétion) a good way below the Surface of 
the Oil, then take off your Finger, and you will 
immediately fee the Water thruft up the Oil above 
the Surface. The Reafon is this: Suppofe the Oi 

: | ae in. 


[ 85) 
in the Tube only to reach to ¢, then the Surface 
of the Water at g being only preficd with the Co- 
lumn of Oil cg, and the Water at S and R being 
prefled with. higher Columns d S, b R the Parts 
of the Fluid atS and R, being more prefled than 
the Parts g, will thruft g out of its place, and 
make it afcend in the Tube, and prefs upon the 
Oil which will continually rife, till when it is at 
athe Oil and Water in the Tube prefs as much 
upon g, as the Columns dS, 6 R do upon SR. 
Now, becaufe the Oil is lighter than Water, the 
Column of Oil which prefles as much on the Sur- 
face'g, asa Column of Water would do, mutt be. — 
higher than the Column of Water ; and therefore: 
the Oil will rife higher than the Surface of the 
Water to a. 
If we try this Experiment with. Water in Oil,. 


~ the Water in.the Tube will be below the. Surface 


of the Oil, as atG H, fo much as it is {pecifical- 
ly heavier. Hence we. fee a. higher. Fluid may 

prefs on one that is heavier. | 
The fame will hold if a-Solid. prefs upon the 
Fluid; nay, even Lead may be made to {wim in 
the. following Manner. Take-a Cylindrical Glafs 
open.at both Ends, and ground at Bottom; then 
| holding. 


wey. ee 
holding a fmooth Weight of Lead clofe to the 
cround End of the Glafs (with wet or oiled Lea- 
ther upon the Lead, that no Water may get into 
the Glafs betwixt it and the Lead) plunge the 
whole in Water till the Depth of the Lead in the 
Water be about twelve times its Thicknefs, or 
fomething more, and the Water will keep the Lead 
from finking ; pufhing againft it by a Force equal 
to the Excefs by which the Water (which is by the 
-Veflel hindered from prefling immediately under 
the Lead) exceedsthe weight of the Lead. But if 
the Veflel be raifed till the Lead be but nine or ten 
times its Thicknefs below the upper Surface of the 
Water, the Lead will leave the Glafs and fink 
down, moving as it leaves the Glafs with a Force 
equal to the Excefs, by which it exceeds the Water 
that it keeps out from prefling immediately tzdez 
the Lead; becaufe a Pillar of Water of the Dia- 
meter of the Lead: ought to be twelve times its 
Thicknefs, to bé“€qual to it in Weight. Thus 
will any Metal be made to fwim, if they are 
funk in the Water fomething deeper than as ma- 
ny times their Thicknefs, as they are {pecifically 
heavier than Water ; always fuppofing the Glafs 
to hinder the Water from coming in to fipk above 
eee 
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chem .4s fox tiv. Brafs, Copper, Gold, Anti- 
mony, Jron, will{wim if plunged above 8, 9, 18, 
4, and 7 times their Thicknefs, becaufe they are a- 


bout 8, 9, 18, 4, and 7 times {pecifically heavier — 


than Water. 


This Experiment will ferve to illuftrate the xd 


and 4th Propofitions. 


Prop. V1. 


Plate 3. Fig.21.]}. Let ABCD be a Veflel 
of fuch a Figure, as thar its Baffs C D be greater 


than its upper Superficies AB. I fay that a Fluid 


contained in fuch a Veflel preffes the Ba/rs C D as 
muchas a Prifm or Cylinder EC D F, whofe 


- Bafisis CD, and Height EC, equal.to the Bu/is 


rere TS 


are as much prefled as the Prifms or Columns 


and Height of the Veficl ABCD, would prefs ic; 


for fince by the Coroll. of the 5th Propofftion all 


the Parts of a Fluid comprehended under the fame 
horizontal Planes, are equally prefled ; it appears 
that the Parts at C N and DM are prefled as much 
as the Parts at MN, but the Parts ac MN are 
prefled by the Prifm or Cylinder A B MN, from 
whence it appears, that the Parrs at C Nand DM. 


era) 
2 
Bod: 
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ECNADM BFwould prefs them; wherefore 
CD is prefled as much as it would be if the 
Fluid EGDF lay upon it. aN 
POs Raa 
Hence fince Weight iS as Preffure, it manifettly ap- 
pears that the Bafis C D fuftains the fame Weight, 


which it would if prefled by EC DF, which (tho’ 
it feems a Paradox) this Experiment confirms. 
EA eed Vi ner 

Plate 4. Fig. 1.]. Let ABCD be a Cylinder 
of Brafs, cxactly fitted with a moveable Bafrs, 
fo exactly contrived that no Water may run out 
between it and the Sides of the Cylinder ; let debe 
along Braf{s Tube continued to the top of the 
Cylinder ; \ct a Rope that. is tied to one End of 
the Balance, and runs thro’ the Tube, be fixed to 
the Middle of the Bafés at 2, then pouring Wa- 
ter in at E, fo as to fill the Cylinder at A B, fee 
what Weight in the Scale K will be required to 


move or raife the Bafis a preffed by a Column of 
Water ABCD. As for Ex. Suppofe Ten Pounds 


after this fill the Tube with Water up to the top,- — 


which — 


| 
| 
| 
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which if it be three Times longer than the Cylin- 
der, you will find that there will be need of ‘three 
Times more Weight to raife the Baf’s, than when 


it was prefs’d by only the Column of Water ABC 


D ; whereas it was then raifed by ten Pounds, it 
will not now be raifed by lefs than forty, which will 
be the Weight of a Column of Water,whole Bafis is 
equal to the Bafis G; and whofe Height is equal 
to that of the Lube and Cylinder, viz. G G DH. 
There are feveral ways of proving this Paradox. 
Hor(e-Hair is reckoned to be a Body that 


comes neareft the Specifeck Gravity of Water. 


Prop. Vil. 


*Plate 4. Fig: 2.) 7h an a, Hluid, as ABCD 
be let down a Body E, having a Specijick Gravi- 


ty equal to.that of the Fluid, the Body will be all 


covered in the Fluid, and will retain any given Po- 

fition. | | 
For if any Part of it. as E fhould remain above 
the Superficies of the Fluid, that Pare of the Flu- 
id, viz,. which is under the Body E would have a 
reater Preflure than the.Parts I and K, which are 
only prefled by the incumbent Fluid. For the 
. | N im 
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immerfed Part of the Body E prefles H of it felf, 
as much as the Fluid in its room would do; fo 
that the Pare which is out of the Water added to 
the Preflure, will force the Pare H of the Fluid 
out of its Place, by the ath “Prop. therefore. the Bo- 
dy E will defcend and be all immierfed ; and theres 
fore, as in Fig. 9th. when the Body has an intenfe 
Gravity, equal with that of the Fluid, both the. 
Parts under the Body, and thofe under the Fluid 
in the fame horizontal Plane, are equally prefs’d ; 
fo that by the 3d Prop. there arifes no Motion 
from fuch a Preflure: And fince the fame Reafon 
holds good in every Pofition of the Body, it is 
manifeft that it retains. any one that is given it, | 


Pr Op. VUL 


Plate 4. Fig. 9: Hf tn a Flaidy as’ ABE D. 
be immerfed any Body as E, fpecifically heavier than 
the Fluid, the Body will defcend to the Bottom, 
but with a Force equal to the Excefs by which 
the Gravity of the Body exceeds the Gravity of 
fo much of the Fluid as is equal to it in Bulk: 

For if the Body and the Fluid were both of 
the fame Specifick Gravity, the Body would not 

| | defcend 
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defcend by the 7th Prop. But when it is heavier 
than the Fluid, the Parts H under the Body are 
psefled ftronger than thofe under the Fuid ; 

wherefore by the Excefs of that Preflure, the 
Parts H will be thruft out of their Places, there- 
fore by the fame Excefs.E will defcend K-E-D- 


CORO Lf. % 


A Body immerfed in a Fluid lofes as much of 
its Gravity as is the weight of a Portion of the 
Fluid, equal to ic in Bulk; for Gravity isa Force 


~ which pufhes a Body downward. Now fince a 


Body defcends with that Force only, by which it 
exceeds the Gravity of an equal Bulk of the Flu- 
id, it appears that it gravitates in Water with this 
Force alone. | 


EXPERIMENT. 
Weigh a picce of dead in the Air, fuppofe 


twelve Pounds ; and afterwards weigh it in the Y/z- 
ter, and find how much it lofes of its weight, 
_ fuppofe 17 Oz. Obferve alfo how high the Lead 
railes the Water when put into it, then take out | 
the Lead and put in 17 Oz. of Water, and you 
will find that the Water added will rife as high in 


5 
N 2 the 
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the Veflel as the Lead raifed it before; and there- 
fore the Weight that a Body lofes in the Water, is 
juft equal to the Weight of as much Water as is 
equal to the Body in Bulk; what Weight the Bo-. 
dy lofes the Water gets. For Ex: Suppofea Vef- 
fel of Water weigh ten Pounds; if we hang: a. 
twelve Pounds Weight in that Veflel by a String,. 
fo that it may touch neither Bottom nor Sides, 
the Veflel of Water will weigh ten Pounds’ and 
feventeen Ounces, which is juft the Weight thac 
the Lead of twelve Pounds: lofes, and what the 
Lead lofes the Body gains. sce 


COR Ot Lown | 

Two Bodies which are of different Spectfick 
Gravity, as Gold and Silver, iquiponderous in: 
Air, or rather in vacuo, being immerfed in a Flu- 
id, that whichis of the greatett Specefick Gravity 
will preponderate. Fof fince every Body immer- 
fed in Water lofes of its Gravity, as much as is 
the Gravity of a Portion of the Fluid, equal to 
itin Bulk; it appears that that which takes up 
the leaft room, that is, that which is fpecifically 
heavier, lofes lefs of its Gravity, and fo prepon- 


derates. 
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Take a Crown-Piece of Silver, and aPiece of 
Lead of the fame weight; when-they are weighed 
in the Air, afterwards weigh them in the Water, 
cand the Lead will preponderate. pd Tenp 


| C O'R” 3. : 
_ Bodies are eafier lifted up in Water than in ir. 


CeO A) Lick, A. | 
Hence the Weight of any Fluid is eafily found, 
viz, by immerung a Cubical Foot of Lead into 
it, and-aits Difference. between its Weight in. the 
 Flvid, and its Weight in vacuo, is the Weight of 
the Flim... | Sone | 


Pr Op. TX. 


Piate 4. Fig. 3-| Jf ina Fluid as ABCD, 
the Body {pecifically lighter than the Fluid be 
immerted, it will not be covered, only fo much of 
‘it as is equal to a Portion of the Fluid, whieh is 


as heavy as the whole Body. 
: | For 
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For if the whole fhould be inmmerfed, it ap- 
pears that the Parts of the Fluid under it, are lefs 
prefled than thofe under the fame horizontal 
Plane are by the incumbent Fluid; becaufe the 
Gravity of the Body E is lefs than the Gravity of © 
an equal Bulk of the Fluid: Therefore by the ssh 
Prop. the Parts under E will rife till they come to 

{uch a Place, as where the Preffure of the Fluid 
' AIKD is but equal to the Preffure of E, that is, 
when the Preflure of the Body E is equal to the 
Preflure of as much of the Fluid as would be 
put in the Place of the fubmerfed Part. 


COROL z I. 


Hence fince the Specifick Gravities of Bodies are 
reciprocally as the Bulks of £qmiponderous ones ; 
by the 4th Prop. the immerfed Part of the Body 
E will be to the whole,.as the Specifick Gravity 
of the Body to the Specifick Gravity of the Fluid. 


CORO LE: 2. 


Therefore the Gravity of Bodies put in a Flu- » 
id is twofold; one True.and Abfolute, the other 
Relative and Apparent; by the firft Sore of Gra- 

vity 
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vity the Parts of Fluid and of Solid Bodies, gra- 
vitate in their Places ; therefore the Weights being 
joined, they compound a Weight of the whole. By 
Relative Gravity, Bodies do not gravitate in their 
Places, that is, they do nor preponderate one ano- 
ther, but hindering each others Endeavour to de- 
fcend, they remain in their Places, as if they were 
not heavy ; thofe things which are in the Air and 
do not preponderate, the common People do not 
think heavy, but thofe which do preponderate 
they efteem heavy, becaufe they are not fuftained 
by the weight of the Air. Common Weights are 
nothing elfe but the Excefs of true Weights, above 
the weight of the Air; from whence alfo thofe 
things are commonly called light which are lefs 
heavy, and by yielding to the preponderant Air 
mounts upwards ; they are comparatively light, 
not truly fo, becaufe they do defcend in vacuo. 

Thus alfo in Water Bodies which defcend, or 
afcend by reafon of their greater or lefs Gravity, 
are apparently and comparatively heavy or light ; 
and their relative Gravity or Lightnefs is the Ex- 
cefs or Defeét by which their true Weights exceed 

: 3 - !  €@e a oa 
‘the Gravity of Water, or are extended by it. 


i 
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"A Kettle is cold at Bottom when the Water 
boils, ‘becaufe warm Water being fpecifically ligh- 


ter than Cold, the cold Water will defcend to the 


Bottom. 
a CORKROLL.3. 


~The iin denledoRalts sa unequal Bodtes of a 


dame Specifick Gravity in a Flmd heavier than 


themfelves, are to each other. as the wholes. 


The immerfed Parts of equal Podres having 
different Specifick Gravities, ae to each other as 
their Spectfick Gravities. =! aegis 


EXP ERI ME NAT. 


Take a piece of Wood and weigh it, then fink 
it ina Vefiel as far as it will go with its own Gra- 
vity, and obferve how high it rifes the Water in 
the Veflel; having taken out the Wood, pour as 
much Waterin the Veflel as is equal to the weight 
of the Wood, and this will rife up to the fame 
Sarface-that the Water did before the Wood was 
ge ule Yo ba ntOY | 


Prop: 


ey) 
a Ree 
Plate 4. Fig.dand5.) If the fame Body E be 


immerfedin different Fluids, heavier than it (elf, 
the immerfed Part will be reciprocally as the Speci- 
fick Gravities of the Fluids. 

For the immerfed part of the Body E in the 
Fluid ABCDisto the whole, ( by Cor. 1. Prop. 
8.) as the Specifick Gravity of the Body to the 
| Specifick Gravity of the Fluid, and the whole is ‘the 
-immerfed part in the Fluid 2 Bed, as the Spect- 
fick Gravity of the Fluid to the Specifick Gravity 
of the Body ; wherefore by 23 of El. 5. the im- 
merfed Part in ABCD will be to the immerfed 
— Part in aBe d, as the Gravity of the Fluid +e 

aBcdto the Gravity of the Fluid ABC D& 


Hence appears a Method of finding out, whe- 
ther any Quantity of Sa/t is contained in Water, 
by the Affiftance of an Jn/trument made in Gla/s, 
reprefented in fig. 20. Platezd. And fince Salt- 
water is heavier than Fre/h; find firft how deep 
the [nftrument finks in Frefh-water, and if in try- 
ing other Water it is lefs immoerfed, it’s certain 
| O ; that 
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that Slt is contained in it, as being heavier, and 
by how much the lefs it is immaerfed, y fo much | 
the more the Salt is in the Warer. | Laas 

~The Excellency of Liquors as Wine, for Inftance, 
is found out by the fame Inffrument; for by how 
much the lighter {uch Liquors are, they are. com- 
monly efteemed fo much the better ; but» their 
Gravity is found out after the fame manner, 


Prop. XI. 


To find what Relation the Specifick Gravity of @ 
Fluid znd a Body given, unmerfed in tt, have to 
each other. <8 ved (acs (debs 
Inthe firft place, fuppofe the Body to be {pecifi- 
cally heavier than the Fluid, and let its Weight be 
found in Vacuo, and then put it in the Fluid: As 
the Weight of the Body will be to the Excefs ( by 
which the fame Body weighed out of the Fluid, ex- 
eceds its own Weight in the Fluid) fo the Specs- 
fick Gravity of the Body will be to the Specifick 
Gravity of the Fluid. “For the Specifick Gravi- 
ty of Bodies equal in Bulk, are as their Weights ; 
but the Weight of a Portion of the Fluid equal 
in Bulk to the Body it felf, by Cor. 1. Prop. 8. is 
| ) - that 


be 

thar Differencé of the Weight; therefore thefe be- 
ing given, the Relation between the Specific: Gra- 
aes of die Body and the Fluid will be given al- 
fo. 
But if the Body immerfed be {pecifically lighter 
than the Fluid, the Specifick Gravity of the Fluid: 
will be to the Specifick Gravity of the Body, as 
the whole se adhe to the immerfed Part of it, by 


Cor. 1. Prop. 9. 
3 Prin XI. 


‘Plate 2. Fig. 18.) The. Solid Bodies as A and 
B being given, me find that Relation ther Specifick 
Gravities bear to each other. 
~~ Let the Relation of the Specifick Gravity A to 
the Specifick Gravity of the Fluid D, be found by 
the former Prop. and let the Relation of the Speci- 
fick Gravity of the Fluid D to the Specifick Gra- 
vity of the Solid B be found alfo ; trom whence 
by 20. El. 5. the Relation of the Specifick “Gra- 
vies of the Solid A to that of the Solid B will be 


giv en. 
Prop. XT. 


Plate 4. Fee 4 If upon the Fluid AB CD, 
another Fluid asE ADF be poured {pecifically 
C) ligher 
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lkigher than the former, it will not be immerfed 
in the Fluid, yet it will prefs its Superficies by 
its Gravity. 

For fince the Fluid A BC Dis {pecifically hea- 
vier than the Fluid EA Df its Force of tending — 
downwards will not be exceeded. by the Force of 
the Fluid EA DF; _ wherefore the Fluid EA DF 
cannot defcend below ABCD; yet fince it is 
heavy, it is manifeft that it prefles the Superficies 
A D with its Gravity: | | 


COR. OE fA 8. 


Hence the Preflure of any Fluid poured in, 
fuppofing it to be Homogeneous, and of the 
fame Denfity every where, is always according to 
its Height. | : 

7 CORO LT 


By how much {pecifically heavier the Fluid is, 
by fo much the greater is its Preflure. 


COROLL. 3. 
he Superficies of every Fluid is preffed by 


Air, 


Prop. 
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Prop. XIV. 


Plate 4. Fig. 7.] If the Superficies of the Flu- 
id ABC D be prefled by an incumbent Fluid, but 
the Part G freed from the Preffure (which may be 

‘done by the Affiftance of a Tube, as lm'n 0, the 
Fluid Gwill rife above- the Superficies A 7 D x, 
and that to fuch an Height, as that the Superficies 
m n may be prefs'd with as great a Force as A m 
Dy; that is, ic will rife-up to p gq. For fince the 
Parts pq of the Fluid arelefs prefied than the reft, 
it will rife by the 5 Prop. and that until m 2 be 
prefled with as great’a Force as A mand D # under 
the fame horizontal Plane. | 


“, 


CORO EB bi 4. 


Hence the Fluid m pq which afcends, has as 
much Gravity as the Quantity mr 5 of the Fluid 
EFA D would have of the fame Height as E A 
and FrD.% . 

| € ORGS Te. °2. 


« . Pherefore the Specifick Gravity of Fluids are re- 
ciprocally to each other as the Bulk of the 
_afcen- 


rear}: 


afcended Fluid as pmng to the Bulk a mrs, 
or when thefe two Bodies have equal Bafes reci- 
procally as t their Heights. 


‘SCHOLIUM 


| “Since Air preffes the Superficies of all Fide 
by its Gravity, by Cor. 3.. Prop.13. If any Pare 
fhould be free from. the-Preffure, it is manifeft 
from the foregoing Prop. that fae. Fluid will. at 
cend above tliat Superficies which .is not prefled 
with the Air, until ic prefs the Superficies under it, 
with as ak Force as the reft of. the Supetficie 
is pret by the incumbent Air. | 

And this Prop. is of very orcat pee in Hydro- 


ftaticks, for by its Affiftance all the Phanomena of 


Nature that ufed to be attributed.to the Abhor- 
rence of a Vacuum are cafily explained. Nay, 
nany things are drawn from it for the neceflary 
Ules of Life, as Syringes, Pipes, and other fuch 
like Machines. But before we treat of thefe 
things, ic will not be amifs to {peak a few Words 
of tie Torricellian Experiment, and to fhew the 
Caufe of it, from what has been above demon- 


{trated. 


re 
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BAPERIMENT. OY, 
Take a Vefiel of Water, ante inimetle 4 T ube 


oi oe at both Ends) into it, then pour Oil upon 
the Water, to the Height ot touts or five Inches, 
which will raife the Water in the Tube fo high, 
that it may prefs as much’on. the Surface of ihe 
Water under it, as the Oil does on the reft of the 
Surface; let the {ame Experiment be tried with ¢ 
and- Water... Vide. Prop. 4. €F 5. ‘f Plate *2. 
Fig. Peep Take <a Drinking Glafs, ba turn it fo 
in the Water, the Air being Ta out; if the 
Glats be raifed perpendicularly, the Water will af- contenu 
_eendin it above the Surface of the: ftagnant Water, 
as at B. 

The Air does not only gravitate on the Surface 
ef Fluids, but alfo upon all Solid Bodtes, as may 
be proved from the Cohefion of two flat Pieces 
of Glafs or Marble oy polithed and ground | 
together. 

~ That this esha: upon the Preffure of the Air 
is plainly evinced, by trying the Experiment in 
_ the Recipient of an Air Proms for after an-Extus fo <x ¢ 
-Hon-or two of Air 1 the Marbles drop afunder. 
fra mp hd wack yp ; Another 


bo 
: 
e 


E764 4 
Another Argument for the Preflure_of the Air, 
may be takén fromthe Recipients fticking to the 
Plate- upon which. they are:fixed fo clofely, that 
after two or three Exfuctions. it requires a confide- 


rable Weight to pull it away. — 


"Prop. XV. 


| Plate 4. Fie. 5. | To fhew the Torricellian 
Experiment and explain the Caufe of it; ler AD 


the horizontal Superficies of the Q wick-Silver con- — 


tained in the Vetfel AD be expoted to the Pref- 
fure of the #aternal Air, and the Tbe PC {top- 
ped at P and open at G, be filled with 9 wick-Si- 
ver ; after this turn it, and immerfe its Orifice C 
under the Superficies of the Q wick-Silver contained 
in the Veflel A D, keeping its Orifice C topped 
with your Finger, until that ic be fo immerfed 
_ that the 9 wick-Silver do not ran out by turning 
the Tube ; and then unftop it, holding ie in that 
Pofition. Now Experiment makes manifeft, that 
the © wick-Stlver in the Tube C P will not defcend 
below the Height of Twenty-even of Twenty- 


mene Cohe Inches; and if the length of the Tube be 
lefs than Twenty-feven—or Twenty-cight Inches, — 


the 


a aaee 
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the Q wick-Silver will not defcend at all, until its 


Height m c be Twenty-feven or Twenty-eiche 
Inches (there being left within the Tube Pm x, a 


- Vacuum of Air and 9 wick-Silver) where it will 


remain. The Reafonot this Expertment appears 
from the foregoing Prop. For fince the Super f- 


cies of Qwick-Silver A D, is prefled by the tuper- 


a en 


Fe 


incumbent Air, but its Part C is freed from that 
Preflure ; it muft needs be, thag the Height of. the 
9) wick-Silver in the Tube CP be fo great, as that 
the Superficies C {uftain the fame Preflure from the 
incumbent Qwick-Silver, as the reft of the 


© wick-Silver does from the incumbent Air. 


EXPERIMENT. 
If we immerfe the Tube thus filled, in Water 


inftead of Mercury, the Mercury in the Tube 


will defcend, and the Water will. afcend to the 
top of the Tube, per Prop. 4. 

N.B.° Uf weincline the Tube-towards the Ho- 
rizon, the % will rife higher, and always keep the 
the fame | height ; for 1a the inclined Pofition it 


does not pres [o much upon the fubjacent 3 4s 62 
| thereft, its Gravity acting partly againft the Sides 
| of the: Tube... ; | | 


y | To: 


b efe cea 
Be 


7 


le | 
To prove that this defrends upon the Preflure 
of the Air, take a Glafs Tube four or five Foot 
long, which has one End (inftead of being feal- 
ed Hermetically) tied over with a piece of Blad- 
der ; fillic up with Water, and immerge it in ftag- 
nant Water, you will obferve the Water not to 
defcend at all; but if wich a Pin you make an 
Hole in the Bladder, the Water will immediately 
defcend quite out of the Tube. | 


CORO Lie B 
Hence a Cylinder of % of Twenty-feren- or 


Twenty-eht Inches, gravitates as much as a Co- 
~lumnof Air, whofe Heighr reaches to the top of 
the Atmofphere, and whofe-Ba/fis is the fame as 


that of the Column of 9 wick-S¢lver. 


ER ERE Wee XT. 
We may increafe the Weight of the Air by 


finking the Barometer into another Flyid 3 to wit, 
put it into a long Cylindrical Glafs, and afterwards 
pour Water on the Surface of the ftlagnant /er- 
cury,. and the ¥ will ftill rife higher in the Tube, 


according as the Preflure of the Water increafes. — 
| | Abour 4 
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About fourteen Inches of Water upon the ftag- 


ice 


nant 6) #tck-Silver will raife that which was in the 
Tube about one Inch, there being Fourteen to 
One between the Gravity of ¥ and Water. 

The Tube with 3 being put into a long Recei- 
ver, the 2 will fall down after the Air ts pum- 
ped out. | | 

The fame Experiment may be tried with Water 
in the Tube, but the Water will not fubfide fo 
faft as the ¢ did. And if in the Tube there be 
left a {mall ir-Bubble, this ‘Bubble will expand it 


-felf and fill the whole Cavity of the Tube, even 


fo much as to deprefs the Surface of theWater in 
the Tube, below the Surface of the ftagnant Wa- 


COROLL.2. 


If Air were of the fame Denfity at all Di-. 
ftances from the Earth, its Height could eafily 
be found out; for as the Difference of the Height 
of the g on the top of a Mountain, is to the 
Height of the % at the bottom of the Moun- 
tain; foi the Height of the Mountain to the 
Height of “the Air. 4 

ree P22 It 


[Lies }). 

Ie is manifeft that a Cylinder of Water of Thir- 
ty-two Foot gravitates as much upon a’ Fluid un- 
. der dtoas the Air does upon the other Parts of it ; 
charm Water can be {uftained at fuch a Height 
by the Gravity of the Air. 


SCHOLIUM. 


I have faid that 9 is fuftained at Twenty-e¥en, 
Ge Tweng eicht Inches; for the Gravity of the. 
Air is yarious and mutable; fometimes ¢% will 
remain 1 Twenty-feHen- Inches, {ometimes Twenty- -9 
eight, “and now and then it will afcend to Fren-3o 

OL Thirty. Inches; from whence it muft 

needs be that the Gravity of the Air is changed | 
- proportionably to its Height. | ' a 
~ By how much the heavier Air is, fo moe the 4 
eafier can it fuftain Vapours raifed by the Heat of 
the Sun; for Vapours are nothing elfe but watery 
Particles rarified by the Heat of- the Sun; and 
therefore the fame Particle of Water taking up a 
greater Space, becomes fpecifically lighter than 
‘Air ; from whence of Neceffity. that Particle muft 
afcend until it come to the Air, whofe Specifick. 

Gravity iscqual to its own, hed 1c mutt felt ; 
but the Gravity of the Air decreafing, it a 


needs 
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needs bé that the? Vapours will defcend; which by 
the Refiftance: of the: Air ia their Motion; are for- 
med into Drops of Water, trom whence it cannot 
but Rain when the Gravity of the Air is leflened; 

but whem its Gravity is increafed the’ Force is alfo 
increafed, by v which it is able to. fuftain the Va- 
pours, a that: remaining~ the: Att is clear. Hence 
ivis that fuch a Tube filled with ¥, and immer- 
-fed within the Super fictes\ of. ftanding ¢ 18 ufed to 
fhew thé. “Gravity of Air, and ; eh 
followsromit. «> Meg referer ise ae fowl or 

ep Wath ee: | 


Prop: XV 


The Elaftick Force of Air elisa in a Vell 
— of the fame Tenor with theambient Air, performs 
as muchas the Burthen of the open incumbent Air. 

-Let there be a Tube or a Veflel, having, an O-. 
pen Orifice, ‘by which there may aes a Communi- 
cation between the internal and external Air; if 
then the adjacent Parts of external, Air, be lefs 
prefled. than thofe. which are. within oe Veflel.,. 
thefe will dilate themfelves by. the sth Prop. un- 
til they come to an equal Force; but if the exter- 
nal adjacent. Parts ( by the Preflure: of the incum- 


bent 


{ (ato: 
bent Air) are, more. prefled than thofe within, thofe 
_ that are within ‘will be comprefled,. untill their E- 
laftick Force is equivalent to the Force preffing from 
without. 


This appears from Mr. Boyle's. Experiments. 
Ms & On ei odidaaitnds. 


From this follows the Reafon why we do not 


feel the Weight of the Ar. 
ae COROR EL 2 


From hence alfo we know. why we do not feel 
the Weight of Water. en 3 


- Plate'4. Fig. 13] Let CD be a Pipe or cur- 


ved Tube open at both Ends, one of which, as C 
is immerfed in Water, or any other Fluid; the o- 
ther as E, being longer than C from the Curve, 
hanging without the Flwid. If then by Sucking, 
the Liquor comes to E, until it runs out, it will 
continue running, altho’ you do not fuck it, till 
the Liquor in the Veilcl be either all drawn out, 


or wants a due Height; yet upon this Condition, 


that 
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that the Orifice E be lower than the Superficies A 
B of the Liquor in the Veflel; for the yr being 
fuck’d out of the Tube into the Thorax, the Fluid 
under it is. forced into the Pipe, by the Preflure 
of the external incumbent “ir, by the preceeding 
Prop. therefore the Fluid will rife to the top D, 
until there is an Equilibrium with the Preffure of 
the external _4ir ({uppofe the Height I G) that 
is. in y about Twenty-nine Inches, in Water a- 
bout Thirty-three Foot, and fo in other Liquors 
proportionably according to their Gravity, and 
will run out fo foon as it finds a Paflage, becaufe 
the Water gravitates in the longer Tube aia: 
Reafon why DE ought to be longer than DC, is, 
becaufe if it were otherwife, both Cand E would 
be prefled equally by the Atmofphere; if DE 
fhould be fhorter, the Alwid would be carried 
contrary; butif D be higher than I, the Fluid 
will be forced upwards as far as I, but not far- 
ther. | 


Take 


o that te: 


[ ne) 

| Take a Tube ofthis: Shape, 

asf  openat ABG, and ‘having im- 

===] - merfed-the Ends B and © into 
===) two different {mall Veflcls full 


§ of Water, put the whole into 
ja Cylindrick Jar of Glafs,. then 
. pouring in Oil of Turpentine 
j-up to D, above the bent Part 
rrr 1 Otr iaC Eabe, . -and-the Water 
will.ran out-of the Vellel. A into the Veflel B, 
which fhews that a competent. Preflure of a. ligh- 
ter Fluid. will make Water come over by a Syphon, 
even tho’ the Air comes in at G; and this fhews 
plainly that the: Fuga. Vacus has, nothing to do in 
this Experiment and others of the like Nature. 


EXPERIMENT. 


Plate 6. Fig. 4.) Take ‘a Receiver-Tube wich 
the one End Longer than the ozher, and pout 
Water in till it rifes in bom to the Height A ; after- 
wards put your Finger on the Orifice A, and pour 
ia Wastcr’ av. 2. till ic rife to the tOp ; then put 
yout mre upon B, and. leave tne Orifice open, 
and the Wat ter will not run outat A; but if you 
take off your Finger, tac Liquor will run out at A 


till 


ea pho ae 
till ic has fubfided in the Leg B down to the Le- 
vel of the Onjfice at A, Gist fest y" Rare eh diref cpusl 
g will rife dame Way, but not to the fame?e-7 
Height, fince it will rife no higher than in the ire 
common Barofcope ; that is, fourteen times lefs «~-<* 
than Water, it being fourteen times heavier. 
‘rifes but to Thirty Inches, Water to about Thirty- 
three Foot. 
If the Romans had known that the Preflure of 
Air could raife Water to fuch an Height, they 
needed not to have been at the Trouble of Cutting 
thro’ Mountains to make their Aquaducts level. 


Pt CoH O'R FOSM: | 
‘The ancient Philofophers vidiculoufly explained 


this by the Abhorrence of a Vacuum, in the place 
of which now defervedly fucceeds the £quilibri- 

wm of the Air. ‘Galileus fie thought of it, and 
‘Torricellius maintained and proved it. 


COR. 4. 


Plate 4. Fig.12.] The fame thing holds good 
of the Pump, which is made of a long Picce of 
- Timber cut Cylindrically within, and is immerfed 


& 
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in the Wel, the upper Part of which ftanding a- 
bove the Superficies of the Water; which Water is 
not to be fuppofed free from the Preflure of the 
Air, but expofed to it ( for otherwife the Water 
will not be thruft upwards) and at fome Part of the 
Hollow of the Pump there is fixed a Piece of 
Wood acrofs, in the Middle of which there is the 
Hole D, thro’ which this Water afcends ; and o-. 
ver this Hole there is aValve or Clack as E,fo pla- 
ced acrofs, as to open or fhut according to its be- 
ing prefled from above or below; alfo a Bucket 
as FG, let down from above by the Rod or 


Handle (fo fitted to the Sides of the hollow Cy-- 


linder, as that the ir can have-no Paflage be- 
tween) which alfo hath a Hole in the Middle of 
ics Bottom, anda Valve G fitted to it, as hath D 


E. Things. being thus ordered, while by moving — 


the Handle the Bucket is drawn up (the ir being 
upon it, and by that means there will be a lefs 
preflure of ir upon the Water below the Buc- 
ket) the Water in the Well being prefled by the 
ambient ir will be forced up into the Hollow 
of the Pump through the Hole D ( opening the 
Valve E ) as far as the Bottom of the Bucket (pro- 


vided it be not higher than I, the top of the | 


LEQUi- 
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Equilibrium ) as being free from any Preflure 
from above, and thruft up from below; but on 
the contrary, by turning the Handle the other 
way, the Bucket is prefied down, and preffes the 
Water immediately under it, which afcends thro’ 
GD; by this Depreflion E is fhut and G opened, 
thro’ which the Water having got above the Buc- 
ket, is drawn up with the Bucket; when it is 
drawn back (the Valve G being fhut) and finding 
Paflage flows out at H, then Water rifing again at 
D, fucceeds as before in the place of the “Bucket 
that is drawn up, and fo continually. | 


Prop. XVIL 


Concerning the Elafticity of the Air, and {ome 
Effects depending upon 1t. 

The Elaftick Force of the Air is that by which 
a comprefled Quantity of Air endeavours to ex- 
pand it felf into a greater Space; and fince the 
Air at the Superficies of the Earth is. much pref- 
fed by a great Weight of the incumbent ir, it 
mutt needs be that it will endeavour to recede 
from that Preflure every way, and ruth into what- 
_ foever Space it finds free from Preflure, where by 
| Q 2 its 


| eel ee 
its Elaftick Force it will expand it felf equally, 
and uniformly poflefs all the given Parts of this. 
Space. ) | 
EXPERIMENT 


Let a Bubble filled with Air of the fame Tenor 
with the outward ir, be Hermetrically Scaled, 
then heat it at the Flame of a Lamp, and the 
iy being expanded by Heat will burft the. 
Buoble. 

If any Elaftick Body be comprefled by a fu- 
perincumbent Weight, it will endeavour to.ex- | 
pand it felf equally on all Sides by its Elaftick. 
Force ; and fo equally pufh the Weight upwards, — 
and the Table by which it is fuftained down- 
wards.. | 

Plate 6. Fig. 16.] But if inftead_of the Weight 
be put any thing that may refift the #éeebutive 
Force of the Body, then the. Elaftick Body will 


endeavour to expand it felf after the fame manner 


which it did at firft, and fo will puth the Table by . 


which it is fuftained with the fame Force. alfo. as 
at firft; as alfo the thing which refifts it, tho’ in 
vain. See the Worm-Spring inthe Figure. 


LE 117] 
_ By how much the more an Elaftick Body is ex- 
panded. that refifteth<any. Compreffion, by fo 
much -the. lefs will its +efftive- Force be, and fo 
onthe contrary ; and.therefore that Force is al- 
ways equivalent to the Power that compreffes it. 


ge ftete d 


Therefore the Denfity of the Air is always as the: 
Force prefling it; fo that fince the Air within is. 


retained.in its Denfity by the Weight of the: fu- 
perincumbent Air, if-a double Weight be apply- 


ed, it will become twice as thick, and be com- 
prefled: in half the Space: If ic be comprefled 
with thrice the Force, it will be forced into three 
times lefs Space; fo likewife if half of the incum- 
bent Air be taken away, tne comprefled Air will 


expand it felf into twice the Space it had whilft. 


comprefled, €9c. 


Hence fince _4yr contained within the Walls of - 


an Houfe, is.of the fame Denfity with the exter- 
nal ir with which it communicates, it will en- 
deavour to relax it felf equally with the external 
eAir, and will prefs the Superfictes of Fluids with 
the fame Force as if thofe Fluids were. immediate- 
ly expofed to the whole. incumbent. _4yr; and 
ie 03 Ay within a. Houfe will keep ¢ at the 
_ fame Height in the Torricedian Tube, as if it was 


CX=- 
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expofed to the Weight of the whole incumbent 
Air. Nay, fome Part of the ir of the fame 
Denfity with the external ir fhut up in a Veffel 
with ftagnane ¥, will by its Elaftick Force keep 
the g inthe Tube at the fame Height as before. 


EXPERIMENT. 
Plate 2. Fig.19.] Take a Drinking-Glafs as 


A, and immerge it in Water, fo that the 47r may — 


not get out of it; if you fink ie all under Wa- 
ter the Cavity will not be filled, the “r within 


hindering the Afcent of the Water ; which may — 


be fhewn by putting Paper into the Bottom of the 
Glafs, which will not be wet; but if you fet the 
Paper on Fire, the 4#r by Heat being fomewhat 
-expelled, the Water will rife a good way in the 
Glafs. Upon this Principle Diving-Bells are 
made, by which divers defcend to the Bottom of 
the Sea and Breath freely under Water; yet the 
farther the Be// is funk the more the wr will be 
comprefled. When ic is about Thirty-three Foot 
-under Water, the 4ir will be comprefled to half 
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the Space which it was before; this fometimes _ 
breaks their Blood-Veflels and makes them Bleed ~ 
at Mouth Nofe and Eyes, f /hey t¢ 4 wown foo 
Sar ben le - Take 


L 


oir | re 
Take a Mortar and bind a Piece of Leather on 

the Mouth of it, then take a Cupping-Glafs, and 
having rarified the Air by Heat, immediately fix it 
on the Leather, to which it will adhere very 
ftrongly, and the Leather will {well within the 
Glafs, becaufe the Air in the Mortar has more | 
Force than that which is rarifted within the Glafs, 
and therefore prefles the Leather outwards. The 
Glafs fticks tothe Leather, becaufe the external Air 
prefies it down. Upon this Principle Cupping al- 
{o is explained ; the internal Air in the Blood rari- 
fies, when the Preffure of the external Air is taken 
away and diftends the Skin, and makes it fwell in 
the Glafs. This is a Proof that there is a great 
deal of Air-in the Blood. 


Prop. XVII. 


To fhew that the {cent of Fluids in Tubes after 
Suction, arifes from the Preffure of the eAir. 
(Plate qa Fig. 14.) | 

-When.a Man by the Mufcles of his Breaft en- 
larges the Cavity of the Thorax, then the external 
Air finding room wherein to expand it felf, rufhes 
in at his Mouth into his Lungs; fo that if one 

bo Pe aka ; Orifice 


~ Orifice of a’ €ube be in his Mouth, and the other 
immerfed in Water, then that Part of the Super fict- 


_ - es of. the Water, which is ander the Tube, isfree — 


from Preflure ; and fince the.other Parts-of the Sy- 
- perfictes of the Water are preft by the fuper-incum- 
bent Weight of the external Air, it muft needs be 
( by Prop. $¢). that the Water will afcend up the 
Tube, to wit, thatthe Parts under the Tube may 
be equally: prefled:- by the incumbent Water, as 
much as the reft-of the Swperficies ofthe Water is 
_ prefled by the incumbent Air; fo that the Preflure 
of the external Air upon the Superficies of the reft 
_ of the Water, is the Caufe that the Water afcends 
up. the. Tube. eine 
EXPERIACEN T. 
“Plate 6. Fig. 15.] Take a Glafs with a nar- 
~-row Neck but without a Bottom as C, puta Tube 
_imits Neck B,. and cement them; then tye a Lamb's 
Bladder A'to the End of the Tube within the Glafs, 
and a large Ox Bladder D over the open End of 
the Glafs, fo that the Bladder may be forced in- 


-wards and drawn outwards; when the: Ox Bladder 


is forced upwards, you will obferve all the ir | 


within. the Lamb's Bladder wherein the Lybe is in- 


ferted 


fi BaE - 
ferted will be expelled. If you draw the Ox 
Bladder outwards, the w4mr will rufh again into 
the Lamb’s Bladder ; after this manner Refpiration 
is performed. The .47r in the Cavity of the 
Thorax a¢ts on the Lungs juft as the 4ir in 
the Ox -Bladder does on that of the Laml’s. 
If the open End of the Tube be immerfed. in Wa- 
ter and the Ow Bladder drawn back, the Water 
will afcend the Tube and fill the Lamb's Bladder. 
Vide Prop. t9.— : 


Prop. XTX. 


Plate 6. Fig.t1.| The Afcent of Water in a 
_ Syringe, arifes from the Preflure of the external 
Air. Viz. When ahe Tube of the Syringe is im- 
merfed in a Veflel of Water at q, the Pi/fon being 
brought to RS, is Teft void of Air, fo that the 
Gravity of the-external Air prefling upon the Su- 
perficies.o p, will make the Water atcend in the 
Tube as high as RS, wiz, that the Part of the Su- 
perficies of the ftagnant Water at g may be 
| prefled by the incumbent Water in the Syringe 
_ with the fame Force.as the Superficies 0 p is prefled 
by the incumbent Air. | NE 3 

| R = ay 


[122 J 
QR ERROVGLRERENALGDEM 


A Defcription of the Arr-Pumpe 
which Mr. Boyle made ufe of. 


i Pie Shall not give a Defcription Sf this 
Ke] P| Pump as it was when Mr. Boyle made 
ee le ufe of it; becaufe it may be found in 
—————- the firft Part of Dr. Harra’s Lexicon 
Fess under the Word 4A/R-PUMP. 

Plate 5. Fig. 1ff. Reprefents the Pump with all 
its eApparatus. 

D D isthe Handle, which turning with the Nut 
BB, raifes or depreflesa Rack A A ‘faftned to the 


| Shildon which raifes and falls in the Cylinder, . 


that is inthe Body of the Pump, and cannot be 
{een in this Figure, but is reprefented by the third 
Figure as it is ‘when taken out of the Frame. 

C is a Plate of Iron fcrewed down with four 
Screws upon the upper Part of the Pump, with 
a Notch filed in it for the back Part of the Rack 
to flide up and down in. Ivis alfo reprefented in 
Fig. 2d. | | 

G 


a 
: 
: 
; 
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G F Lis the Receiver open at both Ends. 

GG is afmooth Brafs Plate laid on the Recci- 
ver with a wet Leather to keep out the external 
Air. 

H is a Brafs Collar with Cork a Oiled Lea- 
thers, to ler the Wire be drawn up and down 
tient admitting the Air. 

M N M is the Brafs Plate of the eAir-Pump, 


- on which the Receiver ftands, with a wet Leather 


between the Plate and Ricca. 

L L isa Board an Inch and an half thick, {up- 
ported by the Iron Prop P-which is raifed at right 

Angles with the Side of the Pump a 6 to fupport 
the Plate and Receiver when the Pump is. made ufe 
of, otherwife ic hangs down by means of the 
Hinges a andb. - 

U is a Brafs Pipe which lies ina Groore made 
inthe Board, having a Communication with the 
— Cylinder towards T, and.with the Plate-Receiver 
and Mercurial Gage at N. 

R is a Cock to ee the Air into the exhaufted 
Receiver at pleafure, which will run in from U 
to N, and fo up the little upright Pipe into the 
Rice 


Ry 
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O is a Glafs Veffel with % in it, to receive the 
End of the Glafs Tube or Gage NO, which has’a 
graduated Piece of Box to fhew how high § rifes, 
and confequently how much the Receiver is ex- 
haufted. We TGLOw)..c)n ie ; 

S is a Board which fupports the -Veflel OO; kk 
are two Iron Screws to.ferew the Punyp to. the 
Floor of a Room when the Experiment requires 
the Engine to be very. fteddy. They: are alfo re- 
prefented in Fig.8. : 

E isa Gock to let out the Water, which mutt be 
kept at AB above the Cylinder when you ufe the 
Pump. — | sO OLS 

Fig. 3. Reprefents a Brafs Cylinder Cleft at the 
Bottom, for the Prffon reprefented by Fig. q.. to 
move up and downin. This Cylinderis {crewed 
down to the Stool’ of the Pump, being let 
down into the Boxunder AB ; and there is a Ce- 
ment made of Pitch and Brick-Duft poured hot in- 
to the Box about the outfide of the Cylinder, 
which growing hard when cold, keeps it fixed. 

T is a Hole to receive the Screw of the Pipe X 
¥, of Fig. 7- ju Oh bos Mae gl 
Fig. 4. Reprefents the Rack A and EmmbolusBB, 
which makes up the Piffon of the Pump. - a 
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g isa Brafs Plate fixed to the Rack about a_ 

quarter of an Inch lefs in Diameter than the inner 
Diameter of the Cylinder. 

_eeff reprefent three or four round Pieces of 

Sheep's Leather-oiled very foft, about half an Inch 

more in Diameter than the Bore of the Cylinder, 


which being put on immediately below the Plate 


gg, will fold round the faid Plate up towards A 


ao. 


when the P2/fow is let down into the Cylinder. 


- cd isa ftiff Piece of Shoe-Sole-Leather, whofe 
Diameter is fo nearly equal to that of the Cylin- 
der’s Bore, that it muft but juft flip down into the 
Cylinder without Friction. | 
BB is a Brafs Plate {crewed on at the Bottom 


of the Rack to keep the whole Embolus together. 


When this Pi/fon is let down into the Cylinder 
below the Hole T; Fig. 1.the Air between T and U 
eafily pafles upwards by the Side of the Embolus, 
folding the left Leather up round the Plate gg, Fig. 


4. but when you draw it from the Bottom no Air 


can get down below the Embolus, becaute the Space 
between the Sides of the Gylinder and the Plate 


_¢d, isnot large enough to lee the Air fold'down- 
_ wards; fo that the Preflure of the Air and Water. 
(which always lies on the Evmbolws, the more the 


foft 


tse: | 
foft Leather is prefled to the Sides of the Cylin- 
der, and therefore the Paflage downwards round 
the Embolus mutt be clofe ftopped and keep out 
the Air, even tho’ the Bore of the Cylinder fhould 
not be truly round, as it happens in this, which 
by long ufe was become a little Oval. 

Fig. 7. is a more exact Reprefentation of the 
Pipe UT of Fig. 1. | 

Y X is that Pare which is to {crew into the Cy-_ 
linder, having a {quare Place at 4 to receive the 
Key of Fg. 5. which ferves to turn all the Screws 
with its End s, or itsEndr. | 

Fig. 7. cab isthat Pare of the Pipe which lies 
under the Plate that is {crewed on at z.. 

¢ is to {crew on the Part Y at T in Aug. 1. 

ais a Screw to receive a Gage at the Place mar- 
ked Nin Fig. 1. Itmuft have a Valve of a wet 
Bladder at the End of the Screw 6, to which the 
Cock R is to be fcrewed, by applying the Key Q 
Fig. 5. to the {quare Place near &. Fig. 1. 

Fig. 6. is the Brafs Plate a quarter of an Inch 
thick, which is truly flat, having a Brafs Rimround 
it to keep the Water from {pilling when it is 
-made ufe of inany Experiment. 


P 
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P isa Hole in the Plate with a Screw to receive 
the little Pipe that ftands upright under the Re- 
ceiver. 

N is the Plate wich the Bottom upwards, fthew- 
ing the Screw that fills the Hole z, of the Pipe of 
Fig. 7. at the Place marked Nin Fig. 1. 


The Receiver 3 Exhaufted in the folowing manner. 


_ When by means of the Handle or Winch DD 
the Embolus is raifed above the Level of the Pipe 
UT in Fig. 1. (that is above the Hole T of the 
Cylinder in Fig. 3.) there is a Vacuum in the Cylin- 
der under the Embolus and in the Pipe T L; Fig. 1. 
fo that the Valve at T being no longer pretied, 
the Air in the Receiver eafily lifts it up by its Ela- 
‘fticity, expands it felf fo as to fill the void Cylin- 
der. Then depretling the Eybolus the Air comes 
up out of the Cylinder betwixt its Sides and the 
Embolus, and fo comes bubbling out thro’ the 
Water ac AB, and raifing the Piffow a fecond 
time, the Air in the Receiver ( tho’ pretty much 
rarified already) lifts up the Valve at T, and runs 
into the Cylinder with Eafe, to fill the void Space 
under the Evsbolus, and then is exprefled out as 


be~ 


[ res: | 
before; and fo on till the Receiver is quite exhau- 
fted, which may be known by the rifing of ¥ in 
the Gage; for when it is got up to ” the fame 
~ Height as that at which it fahds in che ‘Barometer, 
the Receiver is exhaufted; becaufe the Preflure of 
the Air being wholly taken off from that part of 
the Surface of % which is direétly under the Tube, 
_the external Air will prefs upon the other Part of 
the Surface of the ftagnant 3, and fo raife the ¥ in 
the Tube, till ic makes an Lequilibrinm with the 
Weight of the Atmofphere. 

NB. Tho’ the external Air can come into the 
Pipe LT, 1 cannot get into the exhaufted Reces- 
ver, becaufe the Valve us but the clofer towards N 
M the more the Air prefes upon it, being made 
only to open towards L. 
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EXPERIMENTS 6f the A1r-Pump. 


A Y your Hand on the Mouth of a {mall 

g 4 Receiver, and by the Pump draw out the 
Air, and your ee will {well within the Receiver ; 
after afew Suétions the Air ‘will. prefs upon your 
Hand fo that you cannot raife it. 


a: Tae 


. 
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2. Tie a Bladder to the Mouth of a hese: 
and extract the Air ; then the external Air will ae 
refs the Bladder fo much, that a Man’s Strength 
will not be able to ATeNT it. 
. Invert a Receiver, and tie a Weight to the 
Neéck of a Bladder over the, Mouth of “the Recei- 


ver, and hanging on the outfide of it; having 


dyawn the Air out of the Receiver, the outward 


Air will prefs fo on the Bladder, as to thrutt it up 
into the Receiver, and raife the Weigel 1t. 

4. Take a Piece of Glafs and put ic on the 
Mouth of a Receiver, having drawn out the Air, 
the Weight of the incumbent Air: prefling on the 
Glafs will break it By this Experiment \ we prove 
that the Air prefles every way; for in what Pofition 


foever the Glafs be, it will (till be broken by the 1 in- 


Sree mits se, 

“?T his ‘is’ alfo* proved by the ftrong Cohefion of 
two flat Pieces of Glafs or Marble, exactly polifh- 
ed and ground together. As alfo by a Glafs Reci- 
_ pient fticking fo clofe to the Plate, ‘after the Fxfu- 
- étion of the “Air, that it requires a confiderable 


Weight to pull it "away. 
ie 5. In 
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5. In the Torcelaan Experiment, it the Tube 
with, the Adercury be put, into.a long Receiver, the 
8 will fall down at the Exfuction of the Air, 
6. The fame Experiment may be tried with Wz- 
ter in the Fube; but it is. obferved that the Water 
will fubfide fo faftas $.0 0 | | 


: 2 


ble, the Bubble will rs fala it felf and fill the 

whole Capacity of the Tu 

deprefs the Surface of the Water, under the Sur- 

face of the ftagnant Water. | 
8 A flavid Bladder, after the Preflure of the ex- 


ternal Air is taken off, dilates it {elf as far as it can. 


_g. The Expanfion of the ir ina Bladder, will 
yaife a Weight after the external ir is taken a- 


way. - i 
af A Bladder in which Weights are put to fink 


it under Water, will rife with its Weight after the 


Extraction of the external 47r. | 
11. A Piece of Gork, to which is tied jut fo 
much Weight as to make ir fink all under Water, 


except the upper Surface of it, after the Airis ex- — 


tracted, will rife higher ; but when you let in the 
Air again it will immediately fink towards the Bot- 
LOM. 


% 


be, even fo much as to: 


7. If in the Tube there be left a {mall Richa: 
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12. Fifhes — 


% 


~~ external Air will rife. 


as to break the Bottle. | 


ately die. 


[rs]! ue 

12. Fifhes in the Water in the Recipient will 
rife to the top of the Water when the Air is drawn 
out. es 
13. A Glafs Bubble in which is left juft fo much 
Water as will fink it, after the Extraction of the 

14. If you draw out the Air from a {quare Glafs 
Bottle, the Weight of the incumbent Air will 
bream tte pisces. 2 u 

15. If you put fuch.a Bottle fo clofely ftopr, 
that none of the Air can get out of it into the 
Receiver ; after you have drawn out the external 
Air, that which 1s in the Bottle will fo dilate ir felf, 


16. If you put two Brafs Hemifpheres together, 
fhutting theni one within the other, and only put- 
ting a Piece of wet Leather between them; if 


after this you pump out all the Air by the Help of 


i Valve at the Bottom of one of the Hezmilpheres, 
the Air cannot return into them; they will ftick fo 
clofely by reafon of the external Air, thar ic will 
require a very, great Force to pull them afunder. 


<7. If you, put. any. Ayimal into the Receiver, 


and pump out the Air, the Avimal will immedi- 


ee. 18. If 


iptg2,h ) 
18. If youtake a Glafs Bottle half full of Wa 
ter, having a Glafs Tube cemented in the Neck of 
it, one End of which is below the Surface of the - 
Water, and the other being above the top of the 
Bottle, hasa Bra{s Top with {mall Holes in it; if 
you put this into the Receiver, and pump out the 
Air, the Air in the Bottle will dilate it felt fo as to 
prefs on the Surface of the Water, and raife it up in 
Spouts thro’ the Holes of the Tube like a Foun- 
tain. 7 
19. If you put a Bef fo raifed on a wooden 
Frame, that it may have room to move into a 
Receiver, and pump the Air out; then if you 
fhake the Pump, fo asto move the Be/, you will 
hardly. hear the. Soung.of fg. dee a 
This is a Proof that Sounds depend on the 4r. 
20. If you put a Glafs of warm Water into the — 
Receiver, and pump out the 47, the Water will 
perfectly feem to boil ; the Reafon is this, zz. 
The Elaftick Force of the Air which is in the Wa- 
ter being increafed by Heat, and not being pref- 
fed by any external Air, it endeavours to dilate it 
felf, and by that means makes the Water bubble 
up ; this is the way by which the “r may be al-. 
moft all Extracted from the Water. 
| 4 How 
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How to Condenfe the Air, fo 
that you may put what Quantity you pleafe 
into a V effel. 

Plate 4. Fig. 10.|§358|F you have a Brafs Ve- 

fel half full of Water, 
) sass with a Hole on the top 
of it, into which you may fcrew a little Brafs 

Pipe at A, witha Cock at B, by which you may 

let in the fir; if on this you fcrew a Syringe 

~ which has at the bottom a Valve, by which the. 

Air forced into the Pipe may be kept from re- 

turning again ; and likewife a Curve Tube fcrewed 

to itat C, or only a {mall Hole and a Valve at 
the fame Place, if then you draw up the Sucker 
of the Syringe, the Air will come in thro’ the Tube 

D into the Syringe at C, and the Valve will then 

hinder it from returning. If then you open the 

Cock at B, and thruft down the Sucker, the Air 

will likewife defcend into the Veflel, and by the 

Valve at the bottom of the Syringe be hingsis 

| rom 
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from returning; by repeatirig this often, you may 
put what Quantity of dir you pleafe into a Vel- 
fel. If then you take off the Syringe, and fcrew 
on in the place of it a Pipe with Holes, when you 
open the Cork, the ir prefling hard on the Water, 


will force it up'to.a great “Height, and.will fpout 


out in Figures.according to the Holes of ‘the Pipe. 
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Of Barometers, [HER MO- 
METERS, and HypROME- 
TERS. Be | 


(Meeaye| lS evident by what has been already 


NG] proved, that the ¢ within the Tube 
a) Gtavitates as much on the Surface of 
=! the flagnant Mercury, as the fir does 
on the reft of its Surface; and that a Column of 
Air teaching to the top of the Atmofphere, is of 
the fame Weight witha Column of Mercury of 
the fame Ba/rs, and of an Height equal to the 
¢ in the Tube. Now if the Ar fhould grow 
neavier, and prefs more on the Surface of the ftag- 
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nant y., then. the ¥ in the Tube muft rife higher, 
that it may be equal in Weight to a Column of 
Av of the fame Bajis, reaching to the top. of the 
Atmo{phere. 

Hence it follows, that the Height of, the.5...in 
the Tube may be fitly applied ‘to meafure the 
Gravity of the ir, and on that Account an. In- 
ftrument filled to that Purpofe is called a B A- 
ROALE ASE KB. 

Sometimes % rifes Thirty Inches, Mig? it 
ftands at Twenty-nine, fometimes at Twenty-cight, 
fometimes it will fink to Twenty-feven, bur {el- 
dom under, and of confequence the Gravity of 
the ir nauk alter proportionably. 

Since Gravity is always proportionable to what 
the Matter weighs, ic is impoffible that the ir 
- fhould change” its Gravity, without changing its 
Quantity of Matter; and therefore fome have. 

thought this Difference of the e/4ir’s Gravity to 
proceed from its being more or lefs over- charged 
with Vapours ; if this were the Cafe, there mutt 
be as many Vapours in the Air at a time, as are 
equal to Three Inches of 3, for fo much we find. 


the » rifes orfalls. 


Now | 


“= 
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Now » is about Fourteen Times heavier than 
Water, and confequently there mutt be in the Air at_ 
once, as many Vapours as will equal in length a 
Colusa of Water of Forty-two Inches high, and 
whofe Baft. s is equal tothe Surface of the Earth ; 
which is more than falls down in Rain during a 
whole Year; for a whole Year's Rain does not ‘fill 
a Veflcl above Fourteen or Fifteen Inches high, 
as is obferved inthe Hiftory of the Royal Society 
at Parts. 

‘The Reafon then why the Air is heavier at one 
time than another, arifes from their being more 
Air in that part of the Earth’s Surface, where the 
Air grows heavier, and this hp from Winds. 
VG. T€ the Wind (which is nothing but a 
Suream of Air) fhould blow over any Place, and 
the Air thus moved fhould be kept in that Pie 
by Mountains or Hills; or if two contrary Winds 
fhould blow on the fame Place, the Air would be 
heaped up in the Middle, bad confequently there 
being more Air, its Gravity will be increafed; but 
if’ a Wind fhould blow over a Country, Flic Air 
which is over that Place will be lefs in Quantity 

and confequently lighter. Hence it is plain, that 


Winds are the only Caule of the Air’s Gravity. 


When 


Sie ae 
When the Air is heavy, the Sun acting on the 
Surface of the Water raifes the Vapours from it ; 
thefe being raifed are {pecitically lighter than Air, 
and confequently they muft rife higher, till they 
- come to an Air of the fame Specifick Gravity 
- with themfelves, where they will reft; anda vatt 
— Collection of thefe Vapours from Clouds, fo 
long as the Air continues heavy, the Vapours will 
be fuftained, and the Weather will be Fair. But. 
if the Air turns lighter, the Vapours which were 
in Aquilibrio with it before, will now preponde- 
rate, and confequently defcend ; in their Defcent 
being continually checked by the great Refittance 
of Air with which they meet, they will be con- 
~ denfed; this Condenfation will {till grow more 
and more, till at laft they are formed into Drops 
of Rain. mA | 
— Hence it follows, that when the § in the Tube 
is high, then the Weather will be Fair, and when 
it falls low, the Vapours then not being fuffici- 
ently fuftained by the Air, muft alfo fall, and the 
Weather will be rainy, and the Rain more or lefs 
according as the Mercury rifles or falls in the 
Tube. | 
T i Upon 
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Upon this Principle common Weather-Glaffes 
aremade ; but to makesthe Change of the Au’s 
Gravity more vifible, feveral Inftruments have 
been contrived. 

Plate 2. Fig. 21.) The Wheel-Barometer which — 
confifts of a Recurve Tube ABCGE filled — 
with %, the Gravity of the Air prefling on the 
Surface E, there fwims a Leaden Ball tied to a 
String, at the other End of which there is alfo ti- 
ed a Weight, and the String runs on a Pulley at 
€, to which there isan Hand or Index applied, 
-which moves along with the Pulley ; and a large 
Piece of Brafs BF GE divided into any Num- 
ber of equal Parts, marked 1, 2, 3, €7c. When 
the ¥ falls at B it muft rife at E, and confequently 
raife the Ball with it, whereupon the Weight at 


D will defcend lower, and draw the String with it; 


and by this Motion the Pulley being turned, the 

Hand will fhew the leaft Variation of the Air. 

_ This was invented by Dr. Hook; but this Inftru- 
ment has one Inconvenience which makes it al- 

moft ufelefs ; forin damp Weather the String to 

which the Weights are tied, is contracted ; and in 


dry it will grow longer; by this Motion ic will  — 


move the Hand, when in the mean time the 
| has 
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has neither rifen nor fallen. A Watch String will 
do better with an Jron Ball inftead of a Leaden 
one, which would be eaten. up by the ¢. 

Plate 6. Fig.18.] 2» HUGENS contti- 
ved another Inftrument after this manner. A BC 
DEF isa Recurve Tube, fo made that the two 
Parts of it A B and DE have a much greater Ba- 
(fés than the reft, the Tube being filled with 9, the 
Gravity of the Air —— on the Surface at G, will 
fuftain the ¢ tothe Height AB, the Parts A B and 
DE being of an equal Height; if the » fall an 
Inch at A B, it will rife as much at DE. Thro’ 
the Orifice M on the Surface DE is poured Oil 
of Tartar per Deliquinm, or Spirits of Wine, ot 
fome other Liquor that will not Freeze, to the 
Height F. Now when the % rifes ar DE but an 
Inch, it will raife the Liquor which is poured into 
the Tube KI an Inch; and the flender Tube M P 
being of a much lefs Bafis than the Tube KI, 1¢ 
muft rife higher in M P. Thus if the Bafis DE be 
ten times greater than O P, for one Inch that the Li- 
quor rifes in the Tube K J, it will rife ten Inches 
in the flender Tube MP. If % falls one Inch in 
the Tube AB, the Liquor will rife ten in MP. 


2a: This 
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This Sore of Barometer has alfo an Inconveni- 
ence, which is, that as the: Weather is Hot or 
Cold, fo the Liquor in the Tube M P will di- 
late or contract it felf, and confequently rife or 
fall; whereas the ¢ continues {till the fame 

Height. Bi | 
3. Since ¥ ina Tube keeps always the fame L 
Height, however the Tube be inclined; the beft 
Contrivance for a Barometer feems to. be this. 
ABC isa Tube (Plate 6. Fig. 3.) bended as in 
the Figure; BC is about Twenty-fix Inches long, 
and AB fo inclined that.it may be Fifteen, where- 
as the | A E would not be above Five, according 
to the Structure, for every Inch the ¢ rifes in the 
ordinary Tube, it will rife Three in. the inclined. 
one A B. ) | | 
ABAROMET ERS thew the diffe- 
rent Changes of e4ir, as to Gravity. and Levity, 
whence we eftimate Fair and: Foul-weather; fo: 
Thermometers are made ufe of to meafure the va- 
rious Temperature of the ir, as to Heat and. 
Cold; to difcover which there are feveral Inftru- 

ments contrived. : | 

Plate 6. Fig. 13.) 1. The Firftis almoft in the: 
Form of a Barometer, only the upper End of the 
: Tube. 


eater 
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Tube ends in a large Gla/s Ball. This Bail is hea- 
ted by putting near the Fire, fo thar the Air in it 
will be rarified, and fomewhat expelled by Heat ; 


then immediately the Neck of the Tube is to be 


immerfed in ftagnant Water, which fhould be: tin- 
ged with fome Colour that it may more eafily be | 
perceived. As Air inthe Ball A begins to cool, 


_ it being more rare and les comprefled than the 
external 4ir, the Water in the Veiflel will be im- 


: prefling the 4ir in the Globe A, in which, when 


pelled up into the Tube to B, by the Force of 


| the external Air, and fo comprefs the ir in A as 


muchas the external ir is compreficd. Now if 
the Air in A. be afterwards again more heated, it 
will endeavour to expand it felf, and fill up a 
greater Space, and fo prefs the Water down; but 
when it grows cooler it will be contracted into a. 
lefs Compafs, and the Water will again afcend ; 
fo that when the Water in the Tube defcends, the 
Air ishotter, and when the Water afcends, the. 


Air is cooler. 


Plate 6. Faget: }> 2. The: fecond: Kind of 
THERMOSCOP E 1s by a. Recurve 
Tube, thro’ the Orifice of which at D, the unged 
Water is poured, and fills up. the Space B C, com-- 


the 


SS 
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the _4ir grows more hot, it expands it felf and 
takes up. the greaterroom by prefling the Water in 
the Tube upwards to D; and when the “ir is 
cooled, it is again condenfed, and the Water falls 
down; fo that the rifing of the Water denotes its 
Heat, and the falling the» Coldnefs of the Au, 
contrary to what is done in the firft Sort, > 

Plate 6. Fig. 12.) 3. The third Sore is in this 
Fafhion. ‘Thro’ the narrow Neck of a Glafs Bot- 


tle filled with Water, is put a long Tube open at 


both Ends, the lower End of which is immerfed 
below the Water ; after having fixed the Tube with 
Cement, fo that there can be no Communication 
between the external Air and that in the Phial, Air 
is blown ftrongly thro’ the Tube, by which the 
Airin the Phil is comprefled ; and therefore it 
will prefs the: Water up to D; and if the Air al- 
ways continues in the fame Tenor as to Heat and 
Cold, the Water would always continue in the 
{fame Station; but when the Air in the Phial 
erows hotter, it will endeavour to expand it felf, 
and prefs more ftrongly on the Surface. of the Wa- 
ter, and raife it higher in the Tube. | 
In thefe Sorts of Thermometers, and all others 
which have any Communication with the external 
. Air, 


\ 


| 
| 
‘y 
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Air, the Liquor will not only be raifed or depret 
fed by the Change of Air, as to Heat or Cold ; 
but alfo to any Alteration as to Gravity or Levi- 
ty ; and confequently the Temperature of the Air 
as to Heat and Cold may remain, when neverthe- 
lefS the Height of the Water may be confiderably 
altered. | 
Pinte 62 Fee'5.) 4 Fis Sort of TPE R- 
MOSCO P E is not liable to the fame Incon- | 
convenience. It is a long Tube with a Glafs Ball 
at the End of it, which being filled with high 
and rectified Spirits of Wine half up to D, tie re- 
maining empty Part C is confiderably heated, that 
the 4ir may be expelled; after this the top of 
the Tube is to be immediately Sealed Hermzetical- 
ly, fo that the Air may nor re-enter the Tube ; 
then the Rarefaction and Condenfation of the 
Spirits of Wine, by which it rifes or falls in the 
Tube, according to the Degrees of Heat or Cold, 
fhew the Temperature of the rr as to Heat and 
Cold. 

Plate 6. Fig. 14.} © 5.-Another Sore of Ther- 
mofcope is thus contrived, A and B are two Cy- 
lindrical Glafs Veflels joined to the Recurve Tube 
DGF; theupper Part of the Veflel A is void of 
Acca Air, 
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Air, and the reft is filled with ¥, as in the Torrs- 
celian Experiment, and the g rifes half way in the 
Veflel B. . On the Surface of the 9, there is put 


oS somes hes seal 


ina Tube fome tinged Liquor, or rather Oil of 


Tartar per Deliquium, which will not Freeze, 
which reaches up to D, to the End of the Tube 
BK; a Glafs Globe C full of ir is Sealed on 
Hermetically, to prevent Communication with the 
external e4ir. In this Thermometer, when by the 
Cold in the ambient Air, the Air C is cooled and 
condenfed ; the g will by its own Weight fubfide 
in A, and rife higher in B, and confequently im- 
pel the Liquors up into the Tube B K; and if 
the Bafis of the Cylindrical Vefiel A and B be ten 
Times greater than the Ba/és of theTube BK ; when 
the ¢ falls one Inch in A, or rifes one in B, the 


Liquor will rife ten Inches in the Tube BK; alfo 


if the Air be-heated in C, and rarified, it will by ex- 
panding it felf, make the g defcend in B,. and rife in 
A ; fo that the {malleft Variations as to Heat and 
Cold are thus fhewn by the Afcent and Defcent of 
the Liquor in the Tube: B K. Bas. We 
To meafure the Moifture and Drynefs of the Air, 
we ufean Inftrument called an HY DROM E- 
TER of which there are two or three Sorts. 


Plate} 
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Plate 4: Fig. 11.]/ 1. The Firft is made by a 
FireéBibitice in one of the Scales of which is 
put a Piece of Spunge, and in the other a Weight 
to Counterpoife it; the Spunge in damp Weather 
_ imbibes the Moifture and grows heavier. In dry 
— Weather the Moifture being exhaled, the Spunge 
becomes lighter: And fo by the Motions of the 

Examen we find the Alteration of the 417, in re- 
{pect of its Humidity.. To make the Variations 
the more fenfible, the Examen of the Balance is 
made very long, which pafles on a circular Arch 
of Brafs divided into Degrees, marked 1, 2, 3; 
€Fc. According as the End af the Pe: is at 
any of thefe Degrees, {fo we judge of the Wea- 

ther. 

Plate 6. Fig.2.] 2. Another Sort is contrived 
after. this manner. To a Rope or Cat's-Gut, a_ 
Cylindrical Weight 1 is tied ; in damp Weather «the 
pas by twitting it felf will contract and pull up 
the Weight, and. in fair Weather lets. it fink farther 

down. aT make the Variations: fore fenfible, 
the Cylindrical Weight being about fifteen or fix. 
tecn Inches round, ‘4s: divided i into thirty or forty , 
equal Parts, marked 1,,,2) 3, €7c. To pEsyars its 


being injured a Glafs is put over it, thro’ which 
AO? > the 
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the String paflesat A; this Glafs is covered with 
Brown or Blew Paper, except one {mall Hole, 
thro’ which the Figure on the Side of the Weight 
may be feen. Now the twifting or untwifting of 
the Rope, according to the Variation of. the 
Moiftnets of the Air, will always prefent a new 
Figure to the Hole. | | 

Plate 6. Fig. 17.) 3. A third Sort of H Y- 
DROMETE R is made with the Beard of a 
wild Oat, or the Husk of a {mall Vetch, which in 
dry Weather twifts, and in wet Weather untwifts. 
One End is faftned to the Bottom of a Box, the 
other comes thro’ an Hole inthe Lid, and has an 
Index adapted to it, fo that the Motion of the 
Hand or Index on the Top of the Box fhews the 


Variation of the Moiitnefs and Drynefs of the — 


Weather. | 


SSC. ip 
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CATOPTFERICKS. 

| . DEFINITIONS. 
. PESea] 47 S of Light are thofe which are 
Ges) diffuled every way in firait Lines thro 


ee beans the [ame Adedium, and {pread theni- 
~ felves confiantly after the {ame Tenor, 


as long as they continue in the {ame Medium. 


2. A Radiant ws that, from whofe Points Rays 
difper(e themfelves every wal. | 


% 


3. Diverging Rays (Plate 7. Fig. 3.) are thofe 


which meet ia a Point oppofite to the Direction of 


their Motion, or thofe Rays which {pread them{elves 


after that manner, as if they had all come from one 


Point, whether they really came from that Point or 
not. _As the Rays BD gong from B to D, are 
{aid to diverge from the Poimt C, whether they actu- 
ally come fromit or not; for tho they fhould come 
from A, they are {aid to diverge from C, becaufe 
if you produce them from B till they mect ina Point 


| oppopste tothe Direction of their Motion, that Potnt 
— will be C. U 2 4. Con- 


Lane 

4. Converging Rays are thofe which meet, or being 
produced, meet in a Point towards that Part whither 
the Direction of the Motion tends. As the Rays 
D B are {aid to Converge towards C, whether they 
meet in C, or after Refraction thro the Glafs E E, 
they goon ‘Parallel to the Line A CD. 

5. The Focus w that Point where the Rays 
meet. | cea | 

6. Parallel Rays are thofe which come from a 
Point at a great Diftance from ws, and contain but 
avery {mall eAngle one with another, as from the — 
SHR. | 

. Rays are {aid to Reflect, when they are turn- 

ed ay in J fame Veda i | 

A real Focus 1s the Place where the Rays actual- 
ly meet, as (in Fig. 5.) the Point B where the 
Rays D meet, after they have paft the Glafs CC, 
and the Pot A, where thefe converging Rays 


wou'd meet, if there was no Glafs atCC, ws called - 


the Imaginary Focus. | 4q 
Fig. 8. Plate 7.1 In a Concave Mirror, if e 
be an Object, E wll be the Focus of the Rays, 
which having diverged from the Olyett, and fal- 
len upon the Concave Mirror, are by Reflection — 
made to Converge at E. a. 
Plate 
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Plate 7. Fig. 3.) .4 Concave Glafs tranfmit- 
ting Light, has no real Focus of parallel Rays, be- 
caufe after they have paffed the Glafs they diverge 
from one another, as the Rays A after ‘they have 
paffed the Glafs E diverge towards D, but the — 
— Point C is called the V-ertieat-Focus of the Concave te++«< 
| -Glafs. | | 

| us The Angle of Incidence, ts that which ts con- 
tained under the incident Ray ( Fig. 2. Plate 7.) 
and the | tothe Plane of the Point of Incidence, as 

ABC. | 
9. The Angle of Reflection 1s that which ws con- 

tained under the reflected Ray, and the {aid 1 as 

the Angle D BC, fometimes ABE, and D B F, 
are called the Angles of Incidence and Reflection. 


THEOREME. 


The Angle of Incidence is always equal to that 

of Reflection. This ws confirmed by Experience, 

and has been feveral ways Demonjtrated by Ma- 
 thematictans. | | 

10. Specula, or Mirrors, are thofe which by re- 

| ye of the Light form Images of external Ra- 


jants. 
T. HE 


2 @ 


ier 
Po FOR Ear 

Plate'7. Fig. 1.0r HR 4 Y S coming from a 

AN Point A, and falling 
ona plain Mirror BC, after Reflection diverge 
from the Point 4, which is in the L as far behind 
the Glafs, as the Radiant is before it. For becaufe 
A Bis equal to a4 ad B, and D Bis common to 
the Triangles A BD and 2 BD, and the Angles 
at B are equal, the Angles ADB and 2DB will 
be equal, per 4th El. 1. But by the 15 of the 
fame, the Angles BA Band G D Care equal ; there- 


fore, if A D be the incident Ray, GD will be the 


reflected. After the fame manner it may be fhewn 
that HE isthereflected Ray of the Incident A E and 
KF of AF; and therefore all the reflected Rays, if 
produced, will meet ata. If the Eye was placed at 
H, it would receive the Rays which come from A, 
and are reflected at the Surface BC, as if they had 
really come from 4,and confequently the Eye will 
be the fame way affeéted as if it came atO, Fig. 4. 
and received the Rays coming from A; and 
therefore the Eye at H will fee the Image of the 
Point A at 2. ; 7 

Fig. 6. 
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Fig.6. Plate'7.] Since the Image of every 
~ Point is as far behind the Glafs as the Point is before 
the Glafs, the Image mutt be the fame way inclined 
_ to the Glafs as the Radiant is. So the Image of 
the Point A muft be at 4, and the Image of the 
Point E mutt be at e. | 

Hence it follows, that if. the Glafs lics horizon- 
tally, Objects will have their Images inverted, and 
Men will appear with their Heads downwards, as 
when we look in the Water. 
~ What has been fhewn of the principal Radiants, 
is alfo true of their Images; for they may be confi- 
dered as Objeéts which fend Rays ; and therefore 
if there be another Glafs to receive thefe Rays, 
there will be another Image formed within that 
Glafs, and fo that Image will ftill have another I- 
mage, €9¢. From whence arifes the Multiplicati- 
on of Images by the help of two or three plain 
Looking-Glafles. | 

Plate'7. Fig.7.] Suppofe two Looking-Glaf- 
fes BCEF, ict the Radiant be A, whofe Image by 
the Glafs B Cis 2; this Image being confidered as,’ 
a Radiant, will fend Rays to the Glafs EF ae 
and this Image will likewife have its Image in the ~henel 
Glafs B C at G, and fo you may multiply Images 

as 


Ege T° | 

as far as you pleafe. If GDHEKF (fig.4.) be 
_incidéent Rays, their reflected Rays will-be-DA, E 
A, FA, ze. if Rays be converging to the Point a, 
there to form an Image; and there be interpofed a 
plain Speculum B, they will reflect to the Point 
A and Form an Image there. Experience anfwers 
to this exactly. ae 

Fig.9.] Take common Reading or Buruin 
Glafs E, and put the Radiant at A. Let the Place 
of the Image to be formed be a, put a Looking- 
Glas at BC, anda Man’s Eye at O will fee the 
Image at @ in the Air between him and the Glafs ; 
for by the Burning-Glaf{s the Rays coming from 
a Point in the Radiant A are made to Gonverge to 
a cotrefpondent Point in the Image a; but by the — 
Looking-Glafs they are intercepted and reflected, 
therefore they will be turned another way, and 
thofe chat went from one Point at A will meet’ 
with another corre{pondent to itat 4, where they ~ 
will form an Image. Looe ag | 

In Concave Spherical-Mirrors the Image of any. 
Point is always in a Line pafling thro’ that Point 


and the Center. ; | 
Plate 7. Fig. t0.] Thus the Image of the Point: 
Ewill be at e, the Image of Fat f, and the Image 


@f G at ¢. | Hence 


~~ he 

Hence, it follows, that if the Image be in the 
Air beforé; “it will appear inverted. The Reafon 
why the Image is formed, is, becaufe all the Rays 
which come from the Point E, and falling near the 
Vertex of the Mirror, reflect fo, that ‘they will 
meet at ¢, whence they diverge, forming at e the 
Image of the Point E. After the fame manner 
thofe which come from F after Reflection meet a- 
gain at f, and there form the Image of F. 

If the Radiant approaches the Glafs, the Image 
will recede from the Glafs, and at the Center of 
the Sphere they will both meet. 

Tf the Radiant approaches {till nearer, the I- 
mage will go out beyond the Center; and when 
the Radiant comes to beat the diftance of a quar- 
ter of the Diameter from ‘the Vertex, the Image — 
will be out at-an infinite diftance. When the Ra- 
diant comes nearer to the Glafs than a quarter of 
the Diameter, the Image appears behind the Glafs, 
and ereéted. If the Mirror be Convex, the I- 
mage of an external Radiant is always behind the 
Glatfs. bg PL eg pe 
——— -Plate 7. Fig.'3..] The “Magnitude of the I- 
mage may be known from this; that it always ap- 
pears under the fame Angle from the Vertex re 
Sole Xx | the 


- 


pipers). 
the Speculum thar.the Radiant does, and confe- 
quently they will have the fame Proportion one 
to another as their Diftances from the Vertex have ; 
and therefore if the Radiant be farther off than 
the Diftance from the Glafs, it will be bigger than 
the Image, if at the fame Diftance at the Center 
they are equal ; if the Image is farther off than 
the Radiant from the Glafs, it will appear bigger 
than the Radiant. See the Figure where E may be 


the Radiant, and e the Image; or ¢' the Radiant | 


and E the Image. 


_ N..B.. The Focus or Point where the Image is 
formed, 13 the middle Point between the Vertex and 


Center of the Speculum; in all thefe Cafes where 


the Radiant w {upported at an infinite Diftance, 
asthe Sun, and the Rays fent from it are reckoned 
asParallel. i 


“DIOPTRICKS. 


rele IEN_ a Ray an ‘Light, comes out sar. one 
es "Medium i into another, it changeth, ics Di-. 
BE rection... This changing of the Direction 


is sift ve we call Refraction. 1s , 
Plate 7. Fige 12.) The. Anele. a, ‘Refraction 
-£ comprehended. under the refracted Ray, and.a’ 
1 drawn to the Surface of the refracting Medium, 
at the -Point where the incident Ray falls on the 
| fame Medium asthe Angle HD K.- If the Ray; of. 
_ Light goes into a sicker Medium, it comes nearer 
- £6 z 13 alt into a thinner, then it recedes from the L. 
_ Fig. 11,] » There are feveral ways to thew this 
by. Experience. - V.G: | Take a Bafon; into which 
pura Piece of Money at A, and then recede fo 
far -back, that the Sides of che Bafon may inter- 
cept ‘he, Sight, fo that, the Light cannot. come. in 
a {trait Line, from’ A to the Eye at D;, if Water be 
afterwards poured in, the Money will be feen; for. 

the Ray. AB when it comes to the Surface of | the 
| ie ‘Air 


[ 156 ] 
Air at B, changeth its Direction, and goes off in 
D B, and fo enters the Eye. | | 
Fig. 12. Plate7.] Suppofe the Medium E C 
to be Air, HK Glafs or Water, and AB the Sur- 
face of the Medium HK. Let EDbea Ray of 
Light, entering the Medium at D, as the Angle E 
DC is the Angle of Incidence, fo is HDK the 
refracted Angle; and the Sides of thefe Angles. 
have always a ‘certain determinate Proportion to 
one another ; and if you take {mall Angles, they 
themfelves are always inthis Proportion. Hf EC 
be Air, and HK Glafs, the Angle EDC is to H 
DK, as 3to2. If EC be Air and HK Water, 
the Proportion between the Angles EDC and H 
D K is as 4. to 3. a. | 
Fig. 13.] To thew Refraction more plainly, 
take a common Burning-Glafs, and cover it with 
Paper, in which let there be two Holes, thro’ which 
the Light is to pafs at Band C, then put a Candle 
at A ifthe Light pafled thro’ without bending 
the Rays coming thro’ the Holes B and C, ought 
to diverge farther and farther from one another ; 
but we find that if the Light be received on a 
Piece of Paper, the Rays converge one to another ; 
when the Paper is at I, the Light falls at GK; 
| ro when 
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when it’s removed farther, the Rays fall at D E nearer 
one another, and when the Paper is removed to F, 
there the two Lights coincide and then diverge a- 
o2in. : 
” Plate 8. Fig. 4.] Suppofe GH Water, IAF — 
Air, the Rays coming out of Water into Air are 
refracted, fo that thofe which came from the Point 
E, feem after Refraction as if they had come from 
C, and enter the Eye at I A, as if they had all 
_ come from that Point. So that CE is a quarter 
ORB Beth: | a o 
Fig. 3. Plate 8.] Hence when we look on an 
Object in Water, it appears a quarter nearer the 
Surface than it is; and on the fame Account an 
_ Oar in the Water will appear bent, for the Point 
_ A will appear higher, viz, at B, and the Point C 
at D; fo that the Oar in the Water inftcad of be- 
ing feen in the Pofition FCA, will be feenin that — 
of F DB. | Qo | | 
_ Plate 10. Fig. 6.) If the Object A be feen 
thro’ the Prifm G H, by the Eye at D, ic will ap- 
pear as if ic was at CG; for the Rays falling from 
A obliquely upon the Surface of the Prifm at H, ae 
are refracted towards the*+E (becaufe they goa. 27: 
from Air into Glafs) and would go on full " WE 
| the 
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the Direction HG if they continued to move in 
Glas, bur rena out of Glafs into Air, they 
are reteatbed from the | to BR, and going on in the 
Line D G, enter the Eye as if they came rea 
from C. 

If the {ame ObjeG be <feen thro’ a Midixits 
which'terminated by many plain different Surfaces, 
it will appear to be multiplied into as many as 
there are Surfaces, ‘for thro’ every Surface the Ob- 
ject is {een ina dierent Place ; and confequently 
as many Surfaces as there are, fo many diftinét Ob- 
jects will appear. The Rays which come from 
the Objects thro’ thefe different Surfaces. of the 
Glafs foentirg the Images thereaf on different 
Parts of the Retina. ~ 

A Lens is aGlafs which is terminated by two 
Spherical, or one Plain and one Spherical Surface. 

And it is Gonvex on both Sides, or Convex on 
one Side, and Flat on the other. | 

Concave on both Sides, or Concave on one 
Side, and Flat on the other. . 

Or a Menif{cus, that is, Concave on one. Side, 
and Convex on the other 

Plateio. Fig. 5.| When Rays diverge from a- 
ny Point of an Object, and {pread themfelves C= 


very 
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very way, if then you expofe a Convex-Lens to thefe 
Rays, they will form a Cone, whofe Vertex is at 
the Point of Divergence, and Bafe at the Lens ; as 
the Rays which diverge from A, and fall on the 
Glafs CD; when thefe Rays pafs thro’ the Glafs 
they are all refracted (except that which falls ac E 
on the Middle of the Glafs) and meeting again at 
the Point B, form another Cone whofe Bafe is the 
Glafs C D (onthe other Side) and Vertex at. B: 
This Cone together with the other Cone is called a 
Pencil of Rays, and A E Dis the Axis of the Pen- 
cil, or a Line drawn from the Point of Diver- — 
| gence on the Side of the Glafs, to the Point of 
bon Bavergence on the other. There are as many Pen- 
— cils of Rays thro’ a Glafs as there are vifible Points 
in the Object, and tho’ the Axes of the oblique 
Pencils futter fome Refraction in pafling obliquely 
thro’ the Lens, yet they are not to be looked up- 
on as refracted, becaufe after they have pafled the = 
Glafs, they go on in a Line H-#¢-% to the *f- 
Line in which they moved before they entered it, 
and the thinner the Gla/s is, the more infenfible is _ 
that Refraction. | 

Plate$.Fig.1.] da, Bb, Co, reprefent 
three Pencils of Rays pafling thro’ a double Con- 
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vex-Gla[s. When the Object ABC by means of 
a double Convex-Glafs has its Image projected at 
atbca; the eAngles which the Axw ot thefe Pen- 
cils that come from the Extremities of the Object 
make with the Middle of the Glafs, determine the 
Magnitude of that Image ; and the Place where the 
Pencils of Rays terminate on thefe es, is called 
the Diftin# Bafe, becaufe there only is the moft 
Diftinét Image of the Object projected. 

Plate 8. Fig.1.] By the former Experiment it 
was fhewn, that the Light which comes from a 
certain Point in the Candle, placed ata due Di- 
ftance from the Glafs or Lens, was made by Re- 
fraction to converge and meet-at a Point; there- 
fore if there be an Object placed before the Glafs 
at ABC, all the Rays which come from the Point 
A will after Refraction be made .to converge at 
the Point a, and all the Rays which come.from B 
will.after Refraction meet at 6, and all the Rays 
which-come from, C-will be refracted to ¢; and if 
the Eye beat 2,é<ic will receive the Rays diverg- 
ing from the Points abc, the fame way. as if it 
had received the Rays directly coming from the 
principal Radiants ABCs and «therefore the I- 
mage will be formed at 4c and inverted. 

i Tf 
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If a piece of Paper be placed at abc, the Rays 
will thence be reflected by the Paper, and will 
Point on the Paper the Jmage of the Radiant. 
The Jmage and the Radiant have always the 
fame Proportion the one to the other, that their 
Diftances from the Lens have; and therefore if 


the Image be farther from the Lens than the Radi- 


ant is, it will be bigger than the Radiant is; if 
nearer it will be lefs. - If the Radiant at ABC be 
brought nearer to the Lens, the Image will recede 
farther from it; and it may be brought to fuch a 
determinate Diftance, as to caft the Image as far 
from the Glafs as may be required to magnifie it 
to any given Proportion. It the Glafs be equal- 
ly Convex on both Sides, and the Radiant placed 
at a Semidiameter’s diftance from the Lens, the E- 
mage is caft out at an infinite Diftance ; and if the 
Radiant be placed at an infinite Diftance, the Image 
is at a Sernidiameter’s diftance from the Lens. 
If the Swn be the Radiant which is at-an infinite 
Diftanee, and the Glafs be fufficiently broad ; in 
the Place of ‘the Jmage there will be a Flame, 
which will burn very intenfely, becaufe all the Rays 
which come directly from the Sum, and fall on the 
broad Lens, are by Refraction brought into a {mall 
_ Space to form the Image. 4 Plate 
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Plate 8. Fig.6.) If at the Place of the Sun’s 
image (which is fometimes called the Focus of pa- 
~ rallel Rays, or fometimes {imply the Focus) there 
be placed a Lucid Body, as a Candle or Lamp, 
the Rays, after Refraction thro’ the Lens, will go | 
out parallel, and not diverge from one another ; 
and the Light not f{preading, will continue in the 
fame Intenfenefs at all Deffances, and confequent- 
ly ic will illuminate Objects at a diftance. On — 
this Principle Convex-Lanthorns are made. 

If the Radiant be nearer the Lens than the Fo- 
cus of parallel Rays, the Image will not be feen- 
on the other Side of the Lens, but on the fame 
_ Side that the Radiant is, only farther of, and not 
inverted, but erect. 7 | 

Fig. 5.} Suppofe ABC a Radiant nearer to: 
the Lens than the Focus of parallel Rays, all the - 
Rays which come from the Point, A, will enter the 
Eye at E, as if they had come from. the Point g 3. 
and all the Rays which come from B and C will 
feem to have diverged at firft from 4 and ¢; and 
fo the Eye will fee the Object not at ABC, but 
at abc; and becaufe the Angle DE Dis the fame 
witha Ec, the Ooject will be feen magnified, 2b 
¢ being greater than ABG % proeortioe 4 its dey 
~—/ance prov Ve YF thar AIBC. | le 
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If a Room be darkned, and only one Hole 
made in the Window to let in the Rays which 
come from external Olyjecfs, and in the Hole 
_ there be placed a Convex™Lens, this Lens will form 
the Images of all external Objedfs that are before 
it; and if at a diftance there be put a Piece of © 
white Paper, the Images will be received on ir, 
and they will all appear inverted: The Reafon of 
which follows plainly from the former Principles ; 
for all the Rays which come from any one Point 
of the Objecf, will by Refraction be made to 


|. meet at one Point on the Paper, and thence they 


will be reflected again ; and the {ame thing is true 
of every other Point: So that the Image of every 
— Point thus put together on the Paper will thew the 
Image of the radiant Object in the fame Colour | 
the Object is of, becaufe every Image is formed 
by the very fame Rays, and of the very fame Af 
feétion as to Colour, as they which come from 
the Objects are. The Objects being much farther 
from the Lens than the /mages are, thefe muft be 
-much lefs, and the nearer the Object is to the 
Lens, the Image will be the farther from it, and 
appear the bigger. | ; 
sol | ae If 
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If the Object move, the Image will alfo feem 
to move; provided it do not move. directly to- 


wards the Lens. By this Principle the Profpect of | 


Places may be taken. | 
Plate7. Fig. 14. } The Appearances of the 

Magick. Lanthorn differ but little from thofe of 

the dark Chamber. The Lanthorn has two Con- 


uex-Glaffes at Aand BB, anda Lamp burning ; at 


oO 


F there 1s a Slit made to hold a long Piece of - 
‘Wood D.C, in which are cut feveral round Holes _ 


to hold the Pictures which are of painted Gla/s ; 
and the Flame of the Candle or Lamp E being 
great, a confiderable Quantity of Light fails on 
the Pictures, and paffing thro’ the two Lens’s, 
will form the Images of thefe Pséfures on the op- 
pofite Wall: The Pictures being much nearer to 
the Lens than their Images on the Wall, the Images 
will be prodigioufly larger.than the Piéfures, ac- 
cording as the Wall is diftant. If by pulling our 
the Tube in which the Lens B is fixed, you make 
the Diftance from the Prdfures greatet, the Di- 
{tance of the Jmages will be lefs, and confequent- 
ly the Images themfelves will be lefs in propor: 
tion. 


Plate 
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Plate 8.. Fig. 13.) A’ Concave Lens forms the 
Image on the fame Side that.the Radiané is, but 
much lefs and nearer it. For if the ObeE BA 
be put before the Lens E F, it will be feen by the 
Eye az C, in the Pofition 2b, and by confequence 
lefs than the Oye? ; for the Ray A E falling on 
the Lens at E, 1s retracted into ¢g E, and comes 
nearer tothe L, and the Ray E g coming on the 
Convex Surface of the 4ir at g, will be refracted 
into gc and recede from the 1: So that the Rays 
AB will enter the Bye at Corc, as if4e iad come 
directly from, andnot from A. So that the Eye 
being. at C, and receiving the Rays coming from 
A and B, will be the fame way affected as if they 
came from a andB. After the fame manner the 
Rays which come from B will enter the Eye at C, 
as if they had come from, fo that the Eye will 
fee the Object BA athBa nearer to it, and alfo 
much lefs than it really is. 

Plate 8. Fig.8.] The Eye is a Lens contrived 
by Gop to project the Jmages of external Ob-. 
jeéts on. the Retima;. and then ic is that we fee di- 
ftinctly, when thofe Images are diftinétly painted | 
on the Retiza. Immediately under the. firft Coat 
of the Eye, which is called. the Tunica Coxnea,A 
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B, -there’s an Humour of the fame Confiftence with 
Water, and is called the Aqueous Humour E F. 
In the Middle, of this there fyims another Mem- 
brane, called , the Ovea CD, * which is opaque, 
and lets no Light pafs thro’ it, but 4s perforated 
at C D, and the fmall Hole is called the Pupilla ; 
fo that all the Light which-forms the Image mutt 
pafs thro’ that Hole. Next tothe watery Humour 
is a confiftent Globe, which is called the Chri- 
{talline Humour K, and behind this is placed the 


vitreous Humour HG, which is not confiftent as 


- the Chriftalline, but yee is firmer than the Aqueous. 

‘Behind the vitreous Humour lies the Retina, which 
arifes from the Infertion of the Optick Nerve at L, 
and it is fuppofed to confift of an infinite Num- 
ber of {mall Nerves, ftanding | by, on the Con- 
cave Surface of the Eye, on which the Images of 
external Objeéts are painted. The Figure of the 
Eye is Spherical, being the only Figure which can 
-turn.every way in the Hole it fills up. 

Now becaufe thofe Rays only which come from 
any fingle Point of an Object, and fall on the 
Middle of the Eye at M, are united:at one Point 
on the Retina, thofe which fall at A and B ob- 
liquely, not being exactly united swith the reft, at 

that 
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that Point, therefore the Eye is furnifhed with the 
Uvea, an opaque Coat, which intercepts all thofe 
Rays which tall obliquely on the Eye. 

The Pupilla or Hole in this Coat, has Power to 
dilate or contract it felf, to let more or lefs Light 
pafs thro’ it, and in the Day time it is buc {mall ; 
for too much Light from the Sun would hure 
the Eye: Inthe Night time it grows wider, to let 
in all the Light iccan to affect the Retina; and 
this is the Reafon why at Twilight Things ap- 
pear bigger than they arc, for the Pupillz being 
very wide, a great many Rays come on the Retina, 
which fall on the Cornea very obliquely, and 
therefore will notall. be united in one Point on 
the Retina, but take fome Space on it, and fo the 
Image of the whole will be much greater than it 
ought to be. ’Tis on the fame Account that a 
Candle, in the Night time, feen at a Diftance, 
appears much greater than it ought to-do, and the. 
fame is true of the fixed Stars, for they appear 
| much lefs if we look at them thro’ a {mall Hole. 
in a Paper. 

To: make all this plain, take two Tin Tubes. 
made to go one within the other, fo that you 
might on them longer or fhorter as you pleafe ; 
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if at one End of thefe Tubes was put a Lens, and 


at tne other faftened a piece of oiled Paper, or a- 

‘thin Membr f an Animal refent. thi 
ny thin Membrane of an Animal to reprefent the 
Retina, .and the End where the Lens is put, be 
covered with a Lid, m which muft be made a 


{mall Hole to reprefent the Pypilla ; then if you 


draw the Retiwa backwards or forwards, you will 
at a certain Diftance fee the Jmages of -external 


Objects painted on it in their true Colours, as in 
the dark Chamber, or Magick Lanthorn. 
-. Since then the Eye isa Lens which projects the 


Images of external Objects on the Retina, if the 


Eye {hould keep always the fame Figure, and the 
Retina the fame Dittance behind it, there would 
be but one certain and determinate Diftance at 
which ic would fee Objects. diftinctly ; VG. IF 


the Retina were juft at the Diftance of the Focus of — 


Parallel Rays from the Cornea, no Objects would 
have their /mages diftinctly projected on the Re- 
tina but thofe which are ata good Diftance from 
it, fo long as the Eye kept that Figure ; but if the 
Eye were of fuch a Figure, as to caft the Images 
of near Objects on the Retina; if the Objects 
were farther removed, the Images would not fall 


‘onthe Retina, but between the Cornea and it. Jf 7 


then 
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then the Eye kept one and the fame Figure always, 
there would be no diftinét Vifion, but when Ob- 
ecFs are at one determinate Diftance from the Eye, 
“which would be very inconvenient for Animals : 
And therefore to remedy this, the Eye has the- 
Power of changing its Figure, whereby the Corea 
is fometimes part of the Surface of a larger Sphere, 
fometimes of a lefler, and it is on this Account. 
that the Eye is made to confift of various and 
flexible Humours and Parts, the moft moveable 
of all which is the watery Humour, lying imme- 
diately under the Cornea, next to wiich is tie 
Chriftalline of the firmeft Confiftence; the Chri-. 
ftalline is clofely embraced by the Ligamentum 
Ciltare, by which it is {uf{pended, and the Fibres 
of the Ligament by their Contraction or Dilata- 
tion bring the Chriftalline backwards or forwards. 
When the Chriftalline-as brought forwards, it for- 
wards the aqueous Humour, and makes the Eye 
more protuberant, or the Segment of a lefler Sphere: 
Qn the contrary, when the Chriftalline is brought 
back, the aqueous Humour returns alfo, and the 
Eye becoms more flat, or tne Segment of a larger 
Sphere; fo that by the Motion of the Chriftalline 
the Cornea is madé more or lefs convex, the 
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greateft Refraction being made on the Cornea. Tis 
by this Mobility or Changeablenefs of the Eye 
that we are made to fee Objects at different Diftan- 
ces from us. ; 

If the Onjects are at a Diftance; the Eye that. 
looks at them grows flatter, if they are near us, 
the Eye grows more convex: Now if the Eye. 
could apply it felf to fee Objects at all Diftan- 
ces from us, we could always fee every Object 
diftinctly, and near Objects would be brought fo: 
near the Eye, that we could fee them magnified. 
in any Proportion we pleafed. For we eftimate the: 
Magnitude of Objects feen with one Eye by the 
Angle under which they appear: Thus the Object. 
AB (Plate 8. Fig. 10.) appearing under the An-. 
gle AEB, its Image takes up the Space 4b on the 
Retina, but the Object CD appearing only under: 
the Angle CED, its Image takes up only the 
Space cd-on the Retina. 

One and the fame Object at different Di/tances: 
from the Retina, will appear under very diffe-. 
rent Angles. Suppofe AB (fig. 11.) the Objeg,. 
_and the Eye at c, the Angle under which the Ob- 
jet appears, is the Angle ACB, if the fame Ob- 
ject be removed to ap, the Angle under which ir 
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appears isthe Angle 2 Cb if it be brought to 2b, 
the Angle at the Eye is aC b, fo that the Angle 
will ftiil be greater the nearer the Object comes 

to the Fye. | 
Fig. 14.] Suppofe then a {mall Object AB, 
which-et the ordinary Diffance at which the Eye | 
lies, appears under the Angle ACB, which is fo 
very {mall that the Eye. can’t perceive the Parts of 
the Object diftinétly ; if then the Eye were brought 
Ten or a Hundred times nearer V.G. to D, and 
if it could form it felf to fee diftinétly at all Di- 
ftances, it would appear to the Eye under the 
Angle ADB, Ten or a Hundred times bigger 
than ACB, and confequenrly the Object will ap- 
pear Ten or a Hundred times magnified: But 
then tho’ the Eye confifting of flexible Parts, can 
change its Figure fo as to “He at feveral Di/Pan- 
ces, yet this Mutability of Figure confifts within 
certain Limits, and there mutt be certain Di ftan- 
ces in which an Object muft be put to be feen di- 
ftinctly ; fo that if the Object be put nearer the 
Eye than this determinate Diftance, it can never 
be feen diftinctly, the Image not falling on_ the 
Retina, but its Place would either be behind the 
Retina, if rhe Rays could go fo far before they 
oa ooo e were 
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were intercepted, or the Image will be vertical and 
before the Eye if the Object were nearer than the 
Focus of Parallel Rays, and confequently it. can’t 
be painted on the Retina. | 

If there were any folid Bodies {wimming in the: 
aqucous Humour, thofe can never have the Ima- 
ges on the Retima, but their Images will be. verti- 
cal and before the Eye: This isa Demonftration 
that the Mufca Volitantes can never be produ- 
ced by Objects {wimming in the aqueous Hu- 
mour, as Phyficians generally imagined. 

Plate 8. Fig. 17.] Since then the Object AB may 
be fo near the Eye at D, that ig will be without 
the Limits of diftinét Vifion; it’s plain that it 
can’t be feen magnified to the naked. Eye. in any 
given Proportion, which it would: be, could. the 
Eye fee diftinatly at all Diffauces; but if before 
the Eye D be put a Lens CE, which confitts of 
Segments of fmall Spheres, and the Diffance of 
the Objects from the Lens be lefs than the Focus 
of the Parallel Rays, the Lens will form the Image 
of the Object AB at ab; that is, all the Rays 
which come from the Points A and B will enter 
the Eye as if they had come from the Points ab, 
and the Eye will fee the Object at 26, at the Di- 

aa [tance 
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france neceflary for diftin&t Vifion, and ic will ap- 
pear under the Aygle ADB, or 2Db, which is 
the very fame that it would have been under to 
he naked Eye at D. - If the Object were placed at 
the Focus of Parallel Rays, then all the Rays which 
come from the Point A after Retraétion thro’ the 
Lens, would go Parallel and enter the Eye as if 
they had come from an infinite Diffance, to the 
Eye would fee the Point A inthe Line A a4 pro- 
duced in Infimtum. The fame thing is true of 
the Point B, and the Object would be feen at an 
infinite Diffance under the Angle 2 DB, \which is 
the very fame under which it would be {een b 
the naked Eye, if it could fee it-at D diftinétly. 
Fig. 16. Plate 8.} Suppofe an Object A B, which 
to the Eye at-C the ordinary Di /fagggtfor diftinct 
Vifion appears, under the {mall edngle ACB, if 
-then I would fee this Object an) Hundred times 
magnified, I take a {mall Lens whofe Focal Di- 
_ftance for Parallel Rays is an Hundred times lefs 
than AC or BC, and put the Lens at G, fo that 
the Diftance ot the Lens from the Object may 
be a: Hundred times lefs than the Diftance of the 
Eye at C from. the Object: If then I bring my 
Eye to D to the Lens, I fhall fee the Object 8 
| the 
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the Lens under the Angle ADB, which is a Hua- 
 .dred times greater than ACB, and the Eye will 
fee the Object thus magnified .diftinly, becaufe 
it fees at a greater Diffance from the Eye; for 
moit Mens Eyes are framed ‘to fee Objects at a 
good. Diftance trom the Eye diftinély. ) 
Fig. 15. Plate 8.] If there were an Object AB 
cand.a Lens E, whole Focal Diftance is F E, that 
Object would appear by the Lens under the e4y- 
gle AEB: If there were a Lens whofe Focal Dy1- 
fiance is DF, the Angle under which the Object 
will appear will be ADB, greater than AEB; if 
-there .were another’ Lens at C, whofe. Focal Di- 
fiance is CF, the Angle under which the Object 
would appear thro’ this Lews is ACB, which is 
ftill greater than ADB. The lefs then the Foca/ 
Diftance of Parallel Rays of any Lens is, the more 
‘will magnify the Object. And if the Lens be 
equally convex on both Surtaces, the Focal Di- 
fiance for Parallel Rays is a. Semsdiameter’s Di- 
‘ftance from the Lens; the Jefs then the Semi- 
diameter of the Sphere ‘is, of whofe Segment the 

Lens is made, the more it will magnity the Object ; 

and the whole Art of magnifying Objects by fingle 

Micro{copes, is to grind Glafles.exactly-of Portions 
| ; of 
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of very fmall Spheres. Lewemhoeck and Melon pre- 
tended to grind Glafles whole Focal Diffance not 
much exceed the hundreth Part of an Inch. I have: 
heard of fome that are lefs, and if they were let fall» 
on Paper, there would be need of another A4- 

cro{cope to find them with. 7 
To know how much any of thefe fingle Aficrof- 
copes magnify; take aimall piece of Paper, fuppote. 
‘tis of an Inch Diameter, and patte it ona Wall;. 
then take a Microfcope and put any {mall Objec? at 
the Focus of Parallel Rays trom it; then recede fo 
far from the Wall, ull the Paper on it appears of 
the fame Bignefs with the Odyecf feen thro’ the. 
Micro{cope; then confider what Proportion the Di-. 
| ftance of your Eye from the Paper on the Wall. 
| bears to the Dsffance of the Obyect trom the MM-. 
—crofcope, and in that Proportion the Objed will be. 
magnified, or appear-greater tuan it would do. 


were it placed at the fame Dyftance.from. the. Eye. 
with the. Paper on the Wall. | 
We may perform this more eafily thus. Take a: 

round piece of Paper of about two or three Inches. 
Diameter, and dye it black with Ink, then patte it: 
on a.Pane. of Glafs in the Window-and recede {o: 
far from it, till looking thro’ the Microfcope with 

| one: 
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one Eye on the Objed#, and wich the other on the 
Paper, you perceive them both of the fame Big- 


ne{s, orthe one exactly to cover the other, the 


Proportion between the. Paper and the Obfjed 
will be exactly as the Diftance of the ‘Olfect 
from the Microfcope to that of the Eye fromthe 
Paper ; and confequently when the Ooyect appears 
of the fame bignefs with the Paper, it 1s .magnified 
in that Proportion. ch fe 

_ Tho’ mott Mens Eyes have fuch a Flexibility and 
Changeablenefs of Figure, that they can’t only fee 
Oozects ata orcat Diftance, if they appcar under 
any fentible Angle, but-alfo thofe that are within 
two or three, or one Foot of their Eye, yer chere 
are feveral whofe Limits of Di/tance tor. diftin@ 


Qhjeéts:as to their Vifion,: are much ‘les. V. G. 


Some can’t fee Odyedfs but when they are very near 


them, or clofe to their:Eye, which-being very con- 


vex, or the Segment of.a {mall Sphere, will unite 
the Rays of Oxedts ata Diftance before they. come 


to the “Retina.” They who have -this. Faule in their 


Sight are called Adjopes. | | 
‘On the contrary, there are others whofe Eyes are 


very flat, or Segments of large. Spheres, who can’t’ 


Y ( GP 4 iG: : 
‘fee untefs che Objects be.at a good Diftance from 


them, 
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them, and the Rays which come from one Point 
to fall into the Eye are quam proxime Parallel —. 
Becaufe old Men have generally their Eyes very 
flat, fo that they can’t fee but at a Diftance; there- 
fore thofe who are troubled with this Fault, are 
called Presbyte: Both their Faults of Vifion may 
behelpt by Lens's ; for thofe who are Short-fighted, 
and can’t fee any Object but what is very near them, 
by looking thro’ a Concave Lens, will fee di- 
ftinctly Objects, which at the fame Diftance with- 
out the Lens, they could not fee but very confu- 
fedly. | 
Plate 8. Fig. 9.) Suppofe the Object ABC, 
and the Eye of a Myopes at EB, the Object being 
~ without the Limits of diftinét Vifion, will be feen 
-confufedly by the Eye at E; ‘but if you put in the 
Concave-Lens at G between the Object and the 
_ Eyeall the Rays which come from it will cater the 
Eye asif they had come from 4, which is much 
nearer to the Eye, and within the Limit of di- 
ftinct. Vifion ; the fame may be faid of B and C 
- from this Experiment ; therefore it’s plain that by 
the help of fuch a Lens, the Eye of a Mjops 
will fee diftinétly the Object A BC tho’ much 
lefs than if it had feen it without the Lens. | 
Aa Plate 


fey Pres] 


Plate 8. Fig.t2.] Asa Concave-Lens makes. 


Short-fighted People fee more diftinétly ; fo alfo- j 


the Convex-Lens helps off the Sight of a Presbyta ; 
for fuppofe AB an Objeét, and the Eye at C,. 
this Object is fo near the Eye that it can’t be feen. 
diftinétly by it. If therefore there be a Coneavex 
Lens put at E, fo that the Object may be within. 
the Focus of Parallel Rays, the Eye will fee the 
Object AB at a b, at a farther Diftance, and with- 


in the Limits of diftinét Vifion ; and it will fee. 
the Objeét take up: the Space 2d which is “Greater « 
Inge than AB, and therefore it will fee it: magnified < 
~ whereas an Objec? {een thro’ a Lens. fit for a. Mfyops- 


does always appear lefs. 


~— Double- Microf{copes are thofe which confit of 
2, 3, or 4, Lens’s that are defigned to magnifie the - 


Object. : 


Plate 9. Fig. 1.] The firft fort-is: made after: | 
this manner. C is a Lens of amall Sphere, be-. 
fore which the Object A B is placed at fuch a Di-. 


ftance, that the Image made by the Lens CG may 


be caft out at a great Diftance on the other Side, 
viz, ata b, fothat if 2 b be 10 or 100 times far-. 
ther from C. than A B is, it will be 10 or 100. 
times greater than AB. D‘E- is another Lens | 


which 
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which is larger and put fo near the Image ab, 
that 26 will be either in its Focus of parallel Rays, 
or fomewhat nearer ; fo that the Image of the I- 
mage ab, made by the Les DE, may be caft 
‘out at a diftance, fit for diftinét Vifion. Now 
vif the Eye be applied at G, it will fee the the Ob- 
jecé under the edngle, equal to the Angle Ef D, 
‘and confequently magnified, and at a diftance fit 

for diftinct Vifion. we 
Plate 9. Fig.2.] Moft of the double Micro- 
" {copes now in ufe have three Glafes, and are made 
thus. °C is the Object Glafs, which is the Porti- 
on of a fimall Sphere; AB is the Object fome- 
thing farther than the Focus of parallel Rays ; fo 
that the Jmage may be cait out, and fill the Space 
ab 10 or 100 times greater than AB. DE is a- 
nother Lens or Segment of a larger Sphere placed 
at alittle diftance trom a4 0; to this join the Glafs 
GH, which is the Segment of a Sphere fomewhat 
lefS than DE: So that the Diftance between the 
Glaffes GH and DE, may be lefs than the Di- 
— ftance of the Focus of parallel Rays of the Glafs 
‘GH, and that the Rays which come from the /- 
mage ab, may pafs the two Glaffes, and after Re- 
fraction enter the Zye at L. So that all thofe 


Aa 2z Rays 


st 
Rays which come from the fame Point of the 2 
mage ab, may enter the Eye as if they had come 
from an infinite Diftance, z.¢. the two Glaffes GH 


and DE ought to be fo placed, that the Rays 


which come from any one Point of the Objed a 6; 


may after Refraction thro’ thefe two Glaffés run 


parallel, and fo form in the Eye a diftinét Image; 
for it is plain, that in this Cafe the Eye will fee 


the Object much magnified and diftinct. By ‘this. 
Mucrofcope the Eye can perceive a greater Portion 


of the Object than by the former; becaufe the 


Rays at § and 2 would fall fo obliquely on the. 


Gla(s DE, that without the third Gla/s HG, they 


~~ could not enter the Eye, and confequently with-.. 
out that Glafs the Eye will fee only the middle 


Part of the Object. | | 
As Microf{copes are ufed to difcover the {mall 


Parts of thefe Bodies we have near us, and put at 
a due Diftance from the Mifcrofcope: So Tele- 
{copes are for difcerning Bodies diftinétly that are 


at great Diftance from us; fo that the Rays which 
come from any one Point of the Objec#, and fall 
on the object Glafs of the Telefcope, may be con- 
ceived as Parallel, and confequently they will u- 
nite and form the Jmage as the Focus of parallel 
Rays. Plate 
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Image of the Object will be placed at bz, at the 
_ Dittance of the Focus. of parallel Rays, as you muy 


| 


fer] 

— Plate 4. Fig. 15.] The firft and moft fimple 
Sort of Telefcope is the Afironomick, for looking 
at the Stars. CD reprefents the object Glafs, 
which is a-Portion of a very large Sphere; A E 
and BE, are two Rays which come from the Ex. 
tremitices of an Object placed at a great Dis 


 {tance, as the Object AB 1s to be fuppofed. All - 


the Rays which come from the fame Point that A: 
E came from, will after Retraction thro’ the Lens 
meet at 4, and all the Rays which come from the 
fame Point of the Object with the Rays B E, wilk 
after Refraction meet at the Point 6; fo thar the 


fee by the pricked ‘Lines. | 
Suppofe G F H a Lens of a much ercater Con: 
vexity, or-a Segment-of a much larger Sphere; pla« 


eed fo near the Jmage-a 6; that ab- may be in its — 


Focus of parallel Rays, that is to fay, all the Rays: 
which come from the Points.4 and 6, may 
after Refraction run parallel and enter: the: Eye: 
at L, as if they had come from a great Diftance ; 
thefe Lens’s being thus-adapted, and put. ina Tube, 
the Eye will fee diftant Objects diftinctly, and. 
magnified. in the Proportion that the. an | 
| ANCES 
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-ftance of the Glafs C2. 45 greater than the focal 
Diftance of GH. For firft the Eye will fee the . 
Object diftinétly, becaufe the .Rays which come 
from the Points 4.6, falling on the Eye at L, as 
if they had come from a great Diffance, will be 
exactly united.in the Retina, and therefore a di- 
ftinct Image. Ae | 
2dly. The Object will be feen much greater 
than without the Telefcope, for the Angle under 
which the Object is {een without the Tele{cope, is 
ey, the Angle ALB, and the Image under the Retina 
ame of the Eye is AB; but the Angle under which 
2 +/AB che Object 1s feen with the Telefcope is the Angle 
«GL Hand the Jmage made then on the Retina 
isK ; and therefore .as much as this latter Angle © 
cand Image are greater than the former, fo much 
is the Object magnified by the Telefcope. 
Again, let Aand B be two Rays coming from 
‘the End of an Object at an infinite Diftance, —_ 
whofe Image is a8, the bignefs of which is deter- 
mined by the Angle aEb which thefe two Rays - 
make in paffing thro’ the object “Gla/s, without any 
Refraction, becaufe they are the e4wes of two 
Pencils of Rays: Let the focal Diftance of the ob- 
jece'Glafs be E K, and that of the Eye-Glafs F K, 
| and 


ce). 

and AEB bethe Angle under which the Object 
is feen’ without the Telefcope. Now becaufe the J-. 
mage and the Object appear under the fame An- 
gle.from the Lens, the Angle AEB will be e- 
qual to the Angle 2Eb, and confequently to the. 
Angle under which the Object appears feen with-. 
out the Telefcope; but the Eye at L. fees the F 
mage a B under an Angle equal to aF 6; and. 
confequently fo much greater as the Angle aF 
6 is than @Eb, fo much greater will the Object 
appear when feen with the Telefcope than when 
-feen without it: But fo much as E K is grea- 
ter than F K, fo much is the Angle 2.F Bb. 
greater than 4 EB, i.e. the Obje is magnified in. 
proportion to the. focal Diftance of the object. 
Glafs, keeping the fame Eye-Gla/s ; and and con-- 
fequently the longer the focal Diftance, 7. ¢. the. 
longer the Space is, of which the Lens. is a Porti-. 
on, the more the Object will be magnified; and. — 
therefore the whole Perfection of thefe Sort of | 
Telefcopes, isto get object Glafles well ground of. 
a long focal Dittance. There are fome of thefe: 
Telefcopes of 150 or 200 Feet in Length, but it is. 
very difficult to manage and turn them as one. 
pleafes.. It is plain, that the Image a 6 is Ine 
: tcc: 
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ted in refpect of the principal Onject, and confe- 


quently whatever Oljedfs we look at with thefe 


Tele{copes, will appear inverted. 

— Plateg. Fig. 4] 2. Galilazes's-Telefcope does 
Jikewife confift of .cwo-Glafles, wherepf.the object 
Glafs is Convex, anda Segment ofa lefler Sphere. 
They are fixed ina Tube after this manner. CD 
is the objectGlafs, whofe Focus of parallel Rays 
is.at a8, 4.¢. the Images of diftant Objects-made 
by the GlafsC-Dare at af, fo-that K is the Focus 
of parallel Rays to the Axis of the Glafs; fo 
that if it were not for the interpofition of the 
Eye-Glafs GH, all the Rays parallel to the Axis 
would converge to the Point K; but then b 
the interpofition of the Concave Eye-Glafs GH, 
which is placed at fuch a Diftance from the Image 
ab. that the Point K is in its Focus of parallel 
Rays or ¥eesteat Focus, all the Rays which before 
they. pafled thro’ the Glafs GH were converging 


co the Point K, will after Refraction on the Glafs — 


GH, run-parallel to the e4xu: The fame way 
all the-Rays-which ‘before the Refraction on the 
Glafs G H, were converging to the Points 2B, 
will after Refraction run Parallel one to another. 
So that the Eye near F will receive all the Rays 

. which 


ae ee 
which were going to 48, as if they had all come 
- from ab placed at a great diftance, and the Eye 
will fee the Oecd? under the Angle a F& which 
is equal to @F%; where it is to be obferved that 
the Image a8 is inverted in refpect of ab, and a 
— bwill be erected and feen the fame way that the 
rincipal Oljec# A B is feen. | 
: N. B. Phe eetb re! Focus of a Concave Glafs 1s 
that Point from which the Rays parallel to the 
Axis diverge, after Refraction thro the Glafs;  . 
as the Point C (Plate 7. Fig. 3.) us the vertteal oerfes 
Focus of parallel Rays of the Glafs E E, becaufe 
the Rays B D, which come from _A, and before they 
~ entered the Glafs were Parallel to the Axis A E, are 
by Refraction thro’ the {aid Glas made to diverge 
from the Point C, asif they had come really from 
that Point. — | f 
Plate 9. Fig. 5.] 3. Becaufe the firft. Sort of 
— Telefcopes fhew all Olyects inverted, andthe {e- 
cond difcovers but che fmall Part of an Objed# at 
once; therefore a third Sort has been contrived, 
— confifting of four Glafles, vz, one large Obyect 
_Glafs and three Eye-Glaffes, placed after this man- 
ner. CD is the Olject-Glafs, whofe Focus of 
parallel Rays is.at @ 6: or which is the fame 
| thing 
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thing, lec ab be the Image of tome diftant Objed?, 


therefore ic will be inverted in re{pect of the Obyect. 
EF isan Bye-Glafs, a Segment of a lefler Sphere, 
placed fo near the Image ab, that Rays which 
come from any one Point of it after Refraction 
thro’ EF, may run parallel, and fall on a third 
Glafs GH; thofe parallel Rays falling on the 
~ Glafs GH, will after Refraction converge to the 
Focus of parallel Rays, and form an Image ab in- 


verted in refpect of ab, and confequently erected 
in refpect of the principal Radiant. I K is ano- 


ther Glafs placed fo near the Image a b, that the 


Rays coming from any one Point of the Image 
ab may enter the Eye at L, as they had come from 
a Point at a great Diftance ; that is, they will after 


Refraction at IK run parallel, and then the Eye 
at L will fee the Image diftinctly erected and 
magnified. | x 

OBSERVE, that 2b isthe common Focus of 
parallel Rays to the two Glafles C Dand EF, and 
a b is the Focus of parallel Rays to the two Glaf- 
fes GH and IK. | 
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Hogbanaggesessegcessoceggoosesss 
Sir ISAAC NEWTON’: 

PROPOSITION. 
Lights which differ in Colour, differ alfo iv 
| Degrees of Refrancibility. — 
EXPERIMENT. 


fee eN\F you apply any flat Side of a Prifm to 
w—=74| the Hole of a dark Room to receive the 
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the Orange fomewhat more, the Yellow more 


than that, the Green yet more, the Blue more 


than the Green, and the Purple moft of all. Now 
to fhew that thefe Colours were not made by Re- 
fraction, but were originally in the Rays of the 
Sun; if you refract any one of them never fo 


much with a Prifm, as for Example, the Purple in ~ 


the firft Figure, it will retain the {ame Colour. 
If you contract thefe refracted Rays with a 


Burning-Glafs, they will all converge to the Focus 


of parallel Rays, as in the fecond Figure ; where 
if you receive them on Paper, they will appear 
White: And to fhew farther, that White isa Com- 


pofition of all thefe Colours, if you intercept the 


blue Ray with a Piece of Paper, between the Fo- 


cus and the Glafs, the White at the Focus will ap- 
pear Reddifh ; if the Reddifh be intercepted it 


will appear Blucifh. So that if one of thefe Co- 
lours is wanting, the White is imperfect. | ; 

Fig. 3. If you receive all the Rays on a Piece 
of Paper, as at L, figure 3d. between the Focus 
of parallel Rays and the Glafs, they will appear 


with their proper Colours in their right Order, and — 


converging towards one another ; but if they be 
received beyond the Focus, they will appear in 
| their 
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their proper Colours on the Paper, and to have di- 
verged from one another, whence their Order will 
be inverted, wz, the purple Ray will be in the 
Place of the Red, and the Red of the Purple. 

To fhew that the Rays which differ in Colour, 
tho’ they have the fame Incidence, are differently 
refracted, place a tall Piece of Wood with an 
Hole in it, Aig. 4. and a Pritm behind that Hole 
at a convenient Diftance from the Window; then 
with it refract the feveral Rays one after another 
from the Hole in the dark Room, tothe Hole in 
the Piece of Wood, and each of the Rays will be 
differently refracted on the oppofite Wall. Viz. 
The Reddifh will be leaft refracted, and upper- 
moft; the Orange next, underneath ; the Yellow 
next, the Green next, the Blue next, and the Pur- 
ple lowelt of all. | 

Thofe Objec?s whofe Parts are fo difpofed, as 
to reflect any one of thefe Rays more than the 
re{t, and in a great meafure to abforbe and ftifle 
the others, appear to be of that Colowr which they 
moft reflect ; whence a blue Ray when refracted on 
a blue Oljec?, appears much ftronger than when 
it is refracted on onc of a different Colour, and fo 
of the reft. If you look thro’ a Prifm on an OQb- 

fect 


fet. Sea ; 
ject of any one Particular, V.G. Green, you will 
fee it in all the other Colours; but the Green be- 
ing the moft powerful, the Objec# to the Sight of 
the naked Eye will appear altogether of that Co- 
lour. | 

Since White has been proved to confift of all 
Colours ; it follows from hence, that thofe Objects 
which appear White to us, are fuch as are difpofed 
very curioufly to reflect all Colours, and the grea- 
ter or lefs this Difpofition is in the Superficies of 
the Objec#, it will appear accordingly of a — 
quite White, or clfe of a fomewhat fhaded Darks © 
brown, or fome other intermediate Colour; and  — 
thofe Objecfs which are very little, or not at 
all difpoted to reflect thefe Rays, will appeat 
Black. J | 

It may be fo contrived by darkening a Room, 
and by that means letting Beams of Light fall ve- 
ry forcibly upon a black Object, that it fhall then 
appear exactly White to the Eye. 

If you expofe two Pieces of Marble to the 
~ Sun, oneWhite, the other Black, the Black will 
be hor, and retain the Heat longer ; for as the 
White reflects, fo the Black abforbs the Rays of 
the Sun. | | 


If 
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If an oblong Piece of Paper placed before a 
Window, be viewed at fuch a Diftance thro’ a 
Prifm, that the Light from the Window on the 
Paper may make an Angle, equal to that which 
is made by it, 2.¢. the Light reflected from the 


Paper to. the Lye, Provided the Paper be ter- 
minated with Sides parallel to the Prifm, and the 


Horizon, and diftinguifhed by a perpendicular 
tranfverfe Line into two Halves, the one of an in- 
tenfely blue Colour, the other intenfely Red: If the 
refracted Angle of the Prifm (7.e. its two Sides 


thro’ which the Light paffes to the Eye) be turn- 


ed upwards, fo that the Paper may feem to be lif- 
ted upwards by the Refraction , its blue Half will 


be lifted higher by the Refraction, than its red 


Half ; but if ic be turned downwards, fo that the 
Paper may feem to be. carried lower by the Re- 


fraétion, its blue Half will be’ carried fomething 


lower thereby than its red Half; becaufe in both 
Cafes the Light which comes from the blue Half 
of the Paper thro’ the Prifm, to the Eye, is more 
refracted than that which comes from the red Half. 


oe 
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A DESCRIPTION Of the | 
— Condenfing ENGINE with © 
its Apparatus. : 
We hn Ab al Pee. 
. (| Sa Syringe or Syphon for injecting 


Atr into the Veticl 2zaaa of Fig. 
hae 
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fel armed with Brafs Hooks at c, the better to 
keep in the Air condenfed upon the Hemifpheres 
bbbb within the faid Glafs. ff a Piece of Brafs 
{crewed to the upper Hemifphere to fuftain it by 
help of the Pieces e, e, g, hanging upon the 


Hook k, whilft the Weights in the Scale draw the 


lower Hemifpheres from it, and without letting 


out the condenfed Air. 4, b, a Board with two 
{crewed Pillars to fix the upper and lower Brafs 
Plates to the Brafs Veflel, d, d, the upper Brats 
Plate reprefented in Fig. 8. with the Collar of | 
Leathers fj ff that the Piece ¢,e, of Fig. 7. may 


flip up:and down without letting out the Air.. 


‘Tf the Air be exhaufted out of the Hemifpheres 
(joined only by a wee Leather) it will require 


— thirty Pounds to draw them afunder ; if the Den- 


fity of the Air in the Veflel 2 4 a4 a be doubled 


by the Quantity of injected Air on the outlide of 


the Hemifpheres, tho’ the Air is not drawn out 
from between them, it will require as much 
Weight to draw them afunder, as before; and 
double that Weight if there is a Vacuum between 
the Hemifpheres ; or if the Air is three times as 
denfe as at firft. And if the Air being three times 
as denfe as at firft, there be Vacuum between the 
cal pe Ge - se 
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Hemifpheres, it will require three times the 
Weight, namely three hundred and ninety sad 
to pull them afunder. | 
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ADescriPTION of Rowers 
HOR AR Y, or a Machine to reprefent 
the Motion of the Moon about the Farth, 


and the Earth, Venus and Msg nid about 


the Sun. 


Magayel LIS Movement reprefents ip Part of 


the Planetary Syftem, according to Co- 
Ansa pernicus, which is circumf{cribed by the: 
eteX2) “Earth's Motion round the Sun, OY con- 
eain'd within the Orbit that the Earth defcribes. 
about the Sur. 


The flat Silver Ring which incoinma te the» 


whole Work upon the upper Face of the Afove- 
ment, reprefents the Plane of the Ecliptic, and is 
divided into twelve equal Parts, which are the 

twelve 
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twelve Signs of the Zodiac; each Part is again 
fubdivided'into thirty equal Parts, which are the 
Degrees of each Sign, there being three hundred 
-and fixty of thefe in the whole’ Circumference. 
‘This Plane of the Ecliptic pafles thro’ the Sun's 
‘Centre, and the Earth's Centre is carried round 
the Sun in the fame Plane; fo that no Body can 
‘be in a direct Line between the Centres of the 
Earth and Sun, unlefs that Body be in the Plane 
of the Ecliptic, it taking its Name from Eclip- 
fes, which never happen but when the Joon is in 


ze 


sor near this Plane. EEL 
. The Places of all the Planets are determined by 
their Situations in refpect to the Signs of the Zo- 
‘diac, beginning to reckon from Aries, and by 
their being in or out of the Plane of the Eclip- 
tic; their Diftance in Degrees from the beginning 
-of Aries is their Longitude, and their Diftance 
from the Plane of the £cliptic, either above-or 
below it, is their Latitude, which is either Nor- 
thern or Southern, according as the Planet is to- 
wards the Northern or Southern Part of the F- 
cliptic. 
Each primary “Plamet moves in an Orbit, whofe 
Plane pafles thro’ the Sun’s Centre ; and fince on- 
girs bea | ly 
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ly the Earth of all the primary Planets moves in 
the Ecliptic, every one of the, other muft confe- 
quently pafs thro’ the Plane of the Ecliptic at 
two. oppofite Points call’d Nodes. ~ bac: 
_..The Moon moves in an Orbit, whofe Plane 
pafles thro’ the Earth's Centre, The’ two oppo- 
{ite Points where the: faid.Orbit cuts the Plane of 
the Ecliptic, being the Moon's Nodes, which are 
reprefented in chee Machine by two Studs ; and 
fince the Nodes are always in the Plane of the 
Ecliptic, if the oon happen to be in either of 
them, when they are ina Line with the Swn and 
Earth, there will be an Eclipfe; ‘twill be of the 
Moo, if the Earth is between the Sun and 
Moon, and of the Sun, if the con is between 
the Sux and Earth. he 4 3. | 
The Centre of each Planet's Orbit not being in 
the Sun’s Centre, its Diftance from it is called 
the Excentricity; upon, this Account the ‘Planets 
recede from, and approach towards the Sum at 
ditferent. times.. MA 
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Thele Deffinitions being premifed. 


The large gilt Ba/ in the Centre reprefents the 
‘Sun, which you may obferve to turn round upon © 
a fix’d Axis, inclined tothe Plane of the Eclipttc, 
inan Angle of about Eighty-two Degrees or cight 
Degrees diftance trom a Perpendicular. 

The innermoft {mall Ba# is the Planet Mercu- 
ry, which revolves round the Swn in an excen- 
trick Orbit, with a proper Degree of Inclination 
to the Plane of the Ecliptic. 

The next {mall Ball is Venus, commonly cal- 
‘ted the Evening or Morning-Star, which here re- 
volves round in an Orbit of due Inclination and 
Excentricity. 

- The outermoft painted Ivory Ball reprefents 
the Earth, which revolves round the Suz: in. its 
proper Orbit, and at the fame time has: a fwifter 
Rotation upon a Steel Axis, which Axis always 
ftands inclined to the Plane of the Ecliptic in an 
Angle of Sixty-fix and half Degrees; or Twenty- 
three Degrees and half from a Perpendicular, and 
points the fame way during the whole Revolution, 
it being always parallel to: one and the fame 

Line; 
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Sun, and.at~the fame time revolves round the 
:Larth, reprefents the Adoon, whofe Orbit is lefs 
than that of the Earth, and has its proper Degree 
Of “Inclination. | ae 
The Hemi[phere of. Adercury or Venus, which 

is turned towards. the Syn, ts always enlightened, 
.and the oppofite Hemuf{phere dark, which~is here 
_yeprefented by thewhite and black Part of the Bads. 
At isto be obferved of the Moon, that it turns 
“ence round. its own Axis, whilft it is carried round 
the ‘Earth in its own Orbit, which is performed 
in *Twenty-feven Days .and -cight Hours; and 
‘therefore the fame Face is always towards the 
‘Earth, and it is hereby exprefled. by the white Pare 
of the Woon which is always towards the Earth 
inthis Machine ; but as .it 1s not always, enligh- 
tened, there .is .a dark Cap which .exprefles the 
| week 
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fhaded Part of the A4ooz, or the Part not enlight- 
ned by the Sun, and thereby is exhibited how 
much is enlightened of that Parte of the Aton 
which we fee fromthe Earth; that is, what Phafis- 
or Appearance the Mooz has at any time. 
Whereby is fhewn how far any Part of the. 
Earth moves round in a determinate Number of 
Hours. | 
The Circle on the A4oon’s Orbit is divided into- 
Twenty-nine Parts and half, which reprefents the. 
Days of the Aoon’s Age, that being the Period. 
from New. Moon to New Moon. The Number: 
in the {mall Circle adjoining to the-2Vfoon’s Orbit, 
reprefents the Number of Moons. or Lwunar-- 
— Months: | 
The Number which. appears in a. fmall Hole - 
made on the great gilt Plate fhews the Year. 
From thefe Meafures of Time you will find the. 
Sun revolves upon his Axis in about 25 Days. . 
Mercury revolves round. the Suz in about $7 
Days, 23 Hours. 
Venus revolves round the Swn in about 224°. 
Days, and 18 Hours. | 
The Earth revolves about the Sun in 365 Days-- 
6 Hours, and about its own Axis in 24 Hours. ‘ 
, | ae Ands 
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And the Nodes of the (oon have a retrograde 
Revolution in her Orbit in about 18 Years and 
224 Days. % | 
All which Motions nearly agree with thofe in 
the Heavens. MOMS Conk ieOge ss 50 
So that if this Movement bef{et to any given 
‘Time, fo. as to reprefent the Situations of the 
Earth, Sun, and Planets, in refpect to each o- 
cher, atid: be afterwards-fer.a going, it will then 
truly reprefent the Situation of the Planets, with 
regard to-cach other for any. given Time, paft -or 
so come. Only this you mutt obferve, that the 
Proportion of the Orbs of the Planets, in re{peét 
of the Bulks of the Bodies, and the Proportion 
of their Bulks to cach other, could not be perfor- 
micd in fo {mall a Modelas this is ; but that may 
in fome Meafure be remedied. by making -the fol- 

lowing ‘Allowances. S . $1802 mies 
Suppofe the Diameter: ofthe Aoon's Orb to. 
be fixty Diameters of the Earth, and the Diame- 
ter of the Earth's Orb round the Sus 3c0 times: 
the Diameter of «the /0on’s Orb, «andthe Orbs:of 
Venus and Mercury to bear the fame Proportion 
to the Earth’s, as they do in this. Machine. 
tH } Then 
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Then for the Bodies, imagine the Eyrth to be 
in Diameter a little more then 3 times and half 
greater than the oon, or in Bulk near 51 times. 
Suppofe Venus about as large as our Earth, and 
Mercury about as large as the Moon. me 

And Laftly, Suppofe the Sun to be near 100 
times larger in Diameter than the Earth, that is in 
Bulk one Million of times larger. 
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